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ADHESON VARIANTS 



iMuno.oduUtory th.r.py. llBmuri odeficiency 
coHpo.ltion, vu.ful m th. tr..«.nt of Hu~ 
Viru* (HIV) lnf«cciotu. 

Th e priory l«unologic abnormity r..ulcing fro. 
, bv HIV 1. th. progr...lv. dopl.tlon »d f-ctlon.1 

nOfiSn Together with the CD5 o 

[ 1 ~4«K.r*l T cell* (E. Reinhe" *c 

, 19Q-1563 fl9821; W. Biddl.on «e al., J- E*P- K « a - 

^ ^» - - — 11 " 5)) F " ~ 

U— ^pp— 1 *- * i " ! r«r 

« K.d. !»<*» iwnj. •• -« ' * • £ ' ^ 

2 .—a —icy iwdtng » - — 

,y„dr».t (AIM) (H. JMBU)- 



V; ... — - 
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Scudie. of HIV -I lection of f~c.lon.ceo CD* -«J 

11. fro. nomel donor. end AIDS p.ti.nc. h.ve r.ve.led ch.c 

" I c.U. r..ulc. fron the .bility of HIV-I to 

^ / 1 inTct r.plicc. in. .no ulcinedy descroy this T 
,eleccively inf «. r P ^ [19g&]) 

rSr- - icelf 1. - componenc of che 

ZZTZZ- ~ HIV- 1 ... flr.c mdlccd * - 
th .c -onoclon.l encibodle. dlrecced .g.lnec CD* bloc. HIV I 
. « .nd .vncytl. induction (A. D.lgl.ieh ec Necure 

^ - confix. by cb. de.on.cr.cion 

L . -olecul.r complex for.. between CD* end gp!2 . cHe 
envelope glycoprotein of HIV-I (J • HcDoug.l ec .1-. Science 211-382 
9 6 , 1 che finding cb.c HIV-I cropi.n c.n be conferred upon 
LnU non-peml..ive hu~n c.U. foUowing che «*U 
expression of . CD* cDNA (P. Heddon ec .1.. Cell *Z:333 [1986]).. 
F ; rth emore. the neurocropic properties of HIV-I. reflected by 
nlgh incidence of cencr.l nervou. .ysc.a dy.funccion in HIV I 
Jected individual. (W. Snider ec .1.. Ann. Neurol 1*:*03 
UMIJ). -d cne .bility Co dececc HIV-I in cne b r.ln C.ue .n 
cerebrospinal fluid of AIDS p.ti.nc. (C. Sh.v ec .1.. Science 
m!l ,7 (1985,; L. Ep.Cin. AIDS Re. 1:44, 11985,= S. Koenig 
Science 222:1089 (1986,; D. Ho ec si.. N. Engl. J «ed. 2U.U9 
[19851: J . Levy ec .1.. l^c.t U:586 [1985,). .ppe.r. to h.v. it 
expleneclon in ch. expr...ion of CD* in cell, of n.uro n.1 *i* 
.na B onocyc./o-cropb.ge origin (P. H.ddon. Cell *£:*** [1986, : I. 
runxe ec .1.. J • Exp. Hed. 162:1230 (1986,; 8. Tourvi.ille ec .1.. 
Science 224:610 (1986,). 

in .ddlclor. co determining che .u.c.pclbilicy co HIV-I 
infection . che ..nifesc.cion of cycop.chic of feces In che inf.cced 
ho.c cell eppeer. co Involve CD*. Antibody co CD* v.. found co 
inhibit che fusion of unlnf.cceo CD* T cell, vich HIV-I infecced 
cells in vitro; moreover, che gi.nc mulcinucle.ced cells produced 
by this event die shortly .fcer being formed resulting in the 
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of . eve r*l critical entry points in «i 

constitutes one of severer K itsuya ec 

cyc le enable to therapeutic Intervention (H. 

Nature 225:773 (19871). 

of che CD4 precursor predicts a 

tv,. known sequence OE cne r 

The Known m eellular region of 

U -« •»>«• " * ^^ r^--- These 
e^cur.Uy .UU« r.,1- •« «. «• «r«d «b. el, » 2 . 3 
V 4 amln (denomiiucd l-» In FiJ. J). 

* r>>- HIV envelope It would appear co oe 
cells. The presence of «e»br.ne components will >e 
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functionality. 

A ccordlngly. It is an object of chi. invention to produce 
soluble, secreted adh.sons. It is another object to produce CD* 
derl vativ,. useful in the treatment of .IDS and related condition, 
to a manner ...entially unaffected by the extreme degree of genet • 
variation observed among various HIV-I isolate. . and t*. ir 
r .,p.ctive ^ polypeptide. (..Coffin. Cell 

another object i. to prepare edheson, fused to other polypeptide. 
1„ order to provide molecule, with novel functionalitie. .uch as 
chose de.cribed above for therapeutic use. or dl.gno.tlc reagent, 
for the in vitro a...y of adhe.on. or their Uganda. In 
particular, it i. « objective to prepare molecule, for directing 
toxin, or effector -ol.cule. (for example the Fc domain of 
t^oglobulin) to cell, bearing receptor, for the adhe.on.. e.g. 

v nt CD4 and for use In facilitating 

HIV gpl20 in the case of CD*>, ana i« 

* v I- Is a further object to provide 

purification of the adhesons . I - " 

.table, highly purified adhe.on preparations. 



The object, of thl. invention are accomplished by providing 
nucleic acid encoding an amino acid sequence variant of an adh.son. 
in particular a variant in vhlch the trsns -membrane domain 1. 
.edified so that it is no longer capable of becoming lodged In the 
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Tn the case of CD4 such variant, ar. t» r-d soluble 
call «eabrane. In the case oi 

CD4. 

. ■ h..c ..11 «1* ~«1«1' • ,,e0^tB • " 

;:i:::;; 8 r :.-. — - - - <•» — — - 

fro. ly..t.» of the ho.t cell. 

„ .peclfic ..bodlaence. the object, of thi. Invention ere 

* X providing an .dhe.on variant .elected fro. the 
.ccoapli-hed by P vl ng ^ ^ ^ varUnt 

group con. .ting of (a) ^ (b) . polyp . ptld . 

h .ving en in.ctiv.ted fused „ ^ , equenc . of 

conpri.lng an .dhe.on .xtr.cellul.r ao 

a polypeptide vhich 1. different fro. the .dhe.on. thi. 

'..looted fro. . cytocoxln. - ™ " 

. lo ng pi— *M ««• such - » ° Rl0bUU 

in . preferred e«bodi»ent . polypeptide co.pri.lng . »1» 
binding dcin of the CI* .dhe.on i. f~d .t it. C-t.ralnu. to • 
globulin conatant do..ln. or is XI— - ' cytotoxic 
polypeptide such as ricin. 

The CD4 .dh..on v.rU»t. provided herein .re purified and 
for.ul.t.d in ph.r.acologic.lly .cc.pt.bl. vehicle. for 
aZ.Vr.tion to p.ti.nt. in need of antiviral, neuron ^ 
^.odul.tory therapy. In particular patient, infected with HIV. 
«nd for u.e in the .odul.tion of cell .dhe.ion. 

Br1nf n.,..r<r,r1nn of fhfl T>rnytT»8 
Fig. l.-lc d.plct the a.lno acid and nucleotide ..quence 
of a ..creted for. of the CI* .dhe.on. The .ignal proc.ing .ite 
Is designated with an arrow. 
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« th. .tructurel of th. nativ. end 

Fig. 3 depict. .t«c c ^ tn ^ we 

, olub l. CD4 adhe.on. th. native hu».n IgG! Cn> 

ex.-pl.ry heavy ch.ln.CD4 chi-r... 

4b .re . -P of th. Unk.r.d human IgCl Cn> ch * ln 
Figs. 4.-4b «. a map fuslo ns. Insert .If. 

fragB ent .-Ployo in th. pr.par.tio* of CD4 flu.1 
are de.ignated il and Fc. 

. of th. hu«n * light chain frag-nt ua.ful 

joining) .no C* (light constant). 

Tim nil nil ftitnr-^tion 
„ -r. c.U ^^J^ " 

^oglobulin 8 .ne «*f^ f Ml .ct. d fro. th. group of 

P ^ hlC TU hi.toco-patihllltv antigens. 

^glohulln. 0028. th. 

of „ incl^ CD V. i CD2 ' th ^ nt . re ; ilul . r or n.ur.l c.U 
chains of CD3. OX-2. Thy *• functlon MsecUt . d 

.dhe.ion »ol.cul.« (I-CAM or N-CAK) . W» X 

, i fLFA-3) n.urocytopU«ic profin (NCP-3). poiy 8 
.ntig.n-3 (UA \ lycoprot . ln (MAC), high affinity IgE 

receptor. .yeHn-associated glycopro Un (Po) , 

r.c.ptor. the -ajor glycoprotein ot p. 

factor- 

•»»«•"• "^J^ th . ^L^l* ...» 

w . r£ «.U, « t .£> -1~ 

, ut ..«ncl..U ) . th. " <" * «*** 
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a known .«b« of th. wp«£«lly « th. 

^o^U. o, con.c.nr do-ln. — — « 
CDS .nd high .ffmicy X* * r.c.ptor. 

< i. wrtlcul.rly conc.m.d with «lno .eld 
,. q «.nc. varl«» of*" ^ ^ ^ lncludlng 

iah..on. .r. > ef ^ ^.on for it. binding p.r«.r. 

merging th. ' purlfl c.clon «d pr.p~.tion of th. 

Ucliicclng th. »«^L ^ uf .. Roving th.r.p.utic 
ln "T. ih.d lv. In th. Aground, introducing 
efflccy . ^ ^ le ... nlng th . ..v.ricy or occurr.nc. 
^Ulon.1 £ - CCl 7 llCl ; her>peutlc u , e ef ch . .dh..on. A»mo .cid 
° £ >U< '^LT^l^T f.U - on. or . co.in.tlon of th. 

"Trii si i— »• »'•«•" - - ^ m ° { ? 

il-l. — — r l Til 

vi u~r i«« — 
nr.*: n - . — «— * , 

.ptt^... Th. „,!„.,,«. «hlch 1. «.P*1. «* 

t. „ ^ f „i» 1. » b. 

.»!.<».. -1U b. th... «hl«h «. h.™. by .ll.r,.~. 
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«m « .uch as trpLE. beta-galactosida.. . viral polypeptide, 
polypeptide, .uch a. trpLB. * IaBBUnegc nic fusions are 

w hinje$ *D prot.in. and the liKe. 6 

t-wof Such fusions are conveniently ma 

structurally homogeneous form. 

These Isogenic Insertions are particularly useful when 
for-ulated Into a pharmacologically acceptable carrier and 
Lnlsterad to a subject In order to raise antibodies against the 
sdh.son. which antibodies in turn are useful in diagnostic, or in 
purification of adh.son by Immunoaff inlty techniques known per se. 
Alternatively. In the purification of adh.sons. binding partners 
for le fused non-.dhe.on polypeptide, e.g. antibodies, receptors 
or Uganda, are used to adsorb the fusion from Impure admixtures. 

recovered from the fusion, e.g. by enzymstic cleavage. 

Other fusions, which may or may not also be Immunologically 
sctive. include fusion, of the sdh.son ..qu.nc. with a signal 
,. q u.nc. heterologous to the adhe.on. fusion, of transmembrane- 
.odifled CI* adhesons. for example, to polypeptide, having enhanced 
pis... half UN (ordinarily >about 20 hours) such as 
Immunoglobulin chains or fragments thereof, and fusions with 
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4 sl)tnA i ..quence fusions ere employed In 

cyto coxic h . >ecretlon of the adhe.on. 

order co -' -7;; , ^ Mtlve adh .. en .ignel. and 

" ^ n I- reco^eo. I.e. 

*- *• 1. Leon 1. ..creed. Signal. «. .elected 

by che host cell, the *~ y-Mt 
ba ,ad on the intended host cell. . J 
M^lUn «d vlr.l ..quence.. The herpe. gD g y 
l9 ,ult.ble for use In _1U» expression system. 

Fltsu proteins which h.v enhanced pU« half- Uf. longer 
Chan that of tr.ns.en.bren. modified CI* Include ..rum . bu»ln. 
rinotlobullns. . P oll P o P rotelns. .nd transferrin, .refer; y the 
Proem fusion Is not significantly ™« = " 
L animal m which It is used .nd the pla«e protein does not 
He undesirable side effect, in patient. by virtue of Its nomal 
biological activity. 

In a specific embodiment the adhe.on Immunoglobulin- like 
a-.U which may be homologous either co che constant or co the 
liable region domains Is conjugated with an 
constant region sequence. The resulting product, are referred c 
herein as immuno.dhesons . Isssunoglobullns and certain variant, 
thereof are known and many have been prepared In recombinant cell 
TZ. For example, see U.S. Patent 4.7*5.055; EP 256.65.; 
P.llkner et .1.. Hature 2^:286 (1982); EP 120.6,.; EP 125.023; 

t T^m 123-793 (1979); Kfihler ec si . . P.N.A.S. USA 
Morrison. J. Innun. \m*s* 

• r^.r Res 41- 2073 (1981); Morrison 
21:2197 (1980); R*so ec al., Cancer Res. < „ Q . 1M2 

ec *1 Ann. Rev. lamunol. 2:23* (1984); Morrison. Science 222-1202 

*r *1 P N A S USA fil:6851 (1984); EP 255.694; 
(1985); Morrison ec F.w.A.a. 

EP 266 663; and UO 88/03559. Reasserted Immunoglobulin chains also 
.re known. See for exampl. U.S. p.t.nt *."4.878; W0 88/03565; end 
EP 68.763 and references cited therein. 

Ordinarily, the domains of adhesons that are homologous to 
lamunoglobulins and extracellular In their nativ environment are 
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th . H-ceneinu. of the constant region of 

ftt ,.d C-cer.in.lly ~ *• « reJ lon( t ) thereof, 

^oglobulln. m *~ &ctlve hlnse , CH2 end CH3 doe-ins 
- :;T« 1—Slooulin heavv cheln. This 

of the consent »^ con8tructlng the appropriate DHX 

ordinarily 1. accomplished y cell culture, 

sequence end expressing 1 _ d ^ hftlf 

. . »„r the CK. v-"l» «« 1<,M C 1 -"' 
„.„.,, .boat 100-109, .bout 175-184. «oou 
.bout 3.0- «9 (t...d on the ot.ou,.o, ^ ^ 

s «W .-r - ~ ^ ch . vm „ V1V2V3VO b. 6— « ■ 

, ^ 1TO »..l.b»Ub o.r,t.nt t. t l.o. Tb. p..=l» 

t b. it ot.r.lnl to « „ t „ tltlMl . th . bo.bd.r, 

, lt . „ *tb tb. '» * «H.t .It.. 

— — ^ : r. v . 6 ii >. — " — - 
tt 'HuT i.^.: b, — — • - 

,.«.r.l. " 6 v.rl.tt«. 1. .n».««t.r.d 1» 

1K „..Uul.n,. «. f rbn „c-i~.« >»».• •« 

"»'"•' **. \ Mv . b... .»«!».<. by tb. -th.. of 

this invention. In all exanrp ^ 

:rj T — rr; 

r-h.rieal units found In the oesxR""*- 

the nuaber of parenthetical urn. believed 

35 to be disulfide bonded in the sa» 
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th. CD4 l»uno.<h..°«* typiclly confined either 
^oglCulln. Th. » ^ (cd44) or ^ firtt l8 0 H- 

C c 1 or 1*1 -vy -in con— ^ 7 



Table I 



aV^C* and/or {*V K C J2 



10 ntf 7 l C ll 

hCD4-mC 7 i 
hCD^-hC* 



20 



25 



30 



35 



v*CD4.hC 7 i 



■V.C* ♦ hCD4-hC 7 i 



(«V x C JC ) 2 (»V 7 iC 7 i)2 * 
aV^C* and/or (mV K C K >2 

hCD^-nC* and/or <hCt*- «C JC >2 
ND 

(hCD4.aC x ) 2 (^ CD4 -» C Tl ) 2 * 
hCD^-mC* and/or (hCD^-aC^ 

hCW-hC* and/or (hCDfc-hC*^ 
(hCD4-hC 7 i) 2 

(hCD4-hC (C ) 2 (hCD4.hC 7i ) 2 * 
hC04-hC K and/or (hCD4-hC lt ) 2 

(«V <t C <c )2(WD4-bC 7l ) 2 + 
aV^C* ahd/or {t^ k C k )2 



*ND - Not detected 
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th. «P P ^ „.„„„„„„. 

ch a» «~»« « £u .. 4 „ or ~r. 11*. « 

Mfrof^ccl"-! «K»«* thu, t. provided. 

v.rtou, .««.pl«y b.««-— 

P— - ««" „ l# „ t . „.« lra 

variable or constant domain* « «• 

and 1 d..lgnat., a covalent crc.-linklng -olety. 

AC L ; 

« l -v»ch. VlC-ac,. «v l c l -v„c»i ; 

« w*- « VL-*jM> 

£.JL ,»"„. «,.-«„. « L -v„c H . v L c-»c„. « ¥l -W ; 
tX"c r U. « L -v„c H . w*. - WWW: 

or 



(«) 

(O 
(d) 
(•) 
(f) 



30 (g) [A-Yl„-lV L C L -VHC H h. 



35 



a. .crvccr.. -hov. 1. thl. fbl. .*» «a, «««••• 
. . eh., *> ~« ■»» Jo'" 1 "' «> « a0 " l °* , * 
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be construed as being 
present In the ordinary locatx ^ 

UBBunoglobulln, preferably u cap 
antigen. 

Suitable companion i-»> globulin coining site, and 
Suitable co=p _ 4 sub types. 

tol o„ p.«~r. «. obt.ln.o "» J ' 

HA. HE. I«» « »•»• ^ '" £ «" bly 

n Lei- *. ,ot *• 0,120 : 

° £ ~ I »V " "k. c— 1 r. portion o f - «lb-r. 

cleavage site which detlnes igv* r c rv«H*t 
** 1 S .^«.. of Prod.. •« !-»olo,U.l If...." 4* Ed.. 

,o"l.n of C». Th... — «• - - 

K... p.«l.»l.rly. *o.. v..l«.» 1- »1* ~ « 

^.lowiu-uk. - — £ i*; 

I^d .„ p!..- K.U Uf.. Ih... evj-r- •» «~"«" 4 

Ju t Co *W — 1- * ' '"^ 

„„ »unro. ».«.. Ill- <» '" Ub " l! " 
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J H.cure 212:^-6.6 (13 December 1984). The DHA ending 
adhe.on immunoglobulin-!!*. domain(s) is cleaved by a 
"trlctlon ^ «r proximsl - the 3- end of the - .need n 
the im^noglobulin-lik. domain(s) and at a peine at or near the DHA 
encoding the H-t.r.in.1 end of the msture adhe.on polypeptide 
,vnere use of a different leader 1. contemplated) or at or proximsl 
to the N-terminel coding region for the sdh.son (where the native 
adheson signal 1. .-ployed) . This DHA fragment then is readily 
inserted into DNA encoding an immunoglobulin light or heavy chain 
constant region and. if necessary. tailored by deletion.! 
^agenesis. Preferably, this is a human immunoglobulin when the 
variant is intended for in vivo therapy for humans. DHA encoding 
immunoglobulin light or heavy chain constant regions is known or 
readily available from cDNA libraries or is synthesized. See for 
example. Adams ec al. , Biochemistry 12:2711-2719 (1980); Cough et 
«1 Biochemistry 12:2702-2710 (1980); Dolby .c al.. P.H.A.S. DSA. 
22.6027-6031 (1980); Rice ec al.. P.H.A.S. USA 22:7862-7865 (1982); 
Falkner -c al.. Hature 221:286-288 (1982); and Morrison ec al.. 
Ann. Rev. Immunol. 2:239-256 (1984). 

DNA encoding the immunoglobulin or iamunoadheson chimeric 
chain(s) is transfected into a host coll for expression. If the 
host cell is producing an immunoglobulin prior to transf.ction then 
one need only transfect with the adhe.on fused to light or to heavy 
chain to produce « het.roantlbody. The aforementioned 
immunoglobulins having one or more arms bearing the adhoson domain 
and one or more arm. bearing companion variable region, result in 
dual specificity for adheson ligand and for an antigen. These are 
produced by the above -described recombinant methods or by in vicro 
procedures. In the latter case, for example. F(ab') 2 fragments of 
the adheson fusion and an immunoglobulin are prepared, the F(ab')2 
fragment, converted to Fab' fragments by reduction under mild 
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•1*0 U.S. patent 4.444,878. 

Additionally, procedure, are V»ovn ^ 
h . t .ro.ntibodle. fro« immunoglobulin. 

ifleltl.. The.e procedure, .re adopted for the in vitro 

Luno.dh.son chains for one of the previously employed 

K winning globulin* . 

I„ an alternative method for producing a heterofunctional 
antibody, host cells producing an adheson- Immunoglobulin fusion. 
cg cransfected myelomas, also are fused with B cells or 
hyb ridomas which secrete antibody having the desired companion 
specificity for an antigen. Het.roblfunctional antibody is- 
recovered from the culture medium of such hybridomas. and thus may 
be produced somewhat more conveniently than by conventional in 
vicro resorting method* (EP 68.763). 

Another group of fu*ion* are tho*. in vhlch an adhe.on i* 
conjugated with a toxic substance, e.g. . polypeptide such a, ricin 
(including deglycoaylated ricin A chain), dipth.ri. toxin A. or a 
non-peptidyl cytotoxin. Where the toxin 1* a polypeptide it i« 
convenient to cro*.-link the polypeptide to the adhe.on or it, 
trensmembran.-del.ted variant by conventional in vitro protein 
cros.-llnking agent, (for suitable methods for linking ricin A 
chain or deglyco.yl.ced A chsin to C04 .... for example. Duncan .c 
al "Analy. Blochem." 122:68-73 [1983]; Thorp, ec si.. "Canc.r 
Res- 4Z:5924 (1987); and Ghotle et .1.. "Cancer Res." &fi:2610 
{1988]) or by recombinant synthesis as a fusion (see for example. 
0 S Patent 4.765.382). Alternatively, where companion antibodies 
are anti-ricin antibody immunoglobulin variable domains, such 
l^oglobulln heteroentlbodies are employed to deliver ricin to 
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HIV infected c.U. following the general procedure of Reso 
Cancer Research. 41:2073 (1981). 

mother class of adhe.on variant, are deletional variants . 

Oeletlons are characterise by the removal of one or -ore -U. 

. cid residue, fro. . seance. Typically the 

.ns.e-br.ne end cytopla..lc covins of adhe.on. ar deleted^ In 

L c.,e of CD*, .t l.«t re.ldue. 368 to 395 (the trans.e^rane 

region), and ordinarily 396-433 a. wall (the cytopla..lc do.aln) . 

" 1 be deleted to obtain .ecr.t.d form, of this adheson. 
P. r .nthetlc.lly. the a»lno acid re.idues follow the nu^.r. given 
for —re CD4 a. noted, for exa-ple. In figure, la - le Thus 
CD ,T .olecule. generally will ten.in.te In the vicinity of about 
residues 366-368. or at any other .uitable site N-tenalnal thereto 
vhlch preserves the gpi20-bindln 6 capability of the CD4 variant. 

Substitutional variants are those in which at least one 
residue in the adhe.on s.quance ha. been reeved and a different 
re.ldue ln..rted in it. place. The native S-t.n.lnal re.idu. for 
MC ur. CD4 1. now known to be lysine. Thus, the .aquenc. .hown In 
Fig 1 with an N-termlnai ..paraglne. I. an «lno acid .equance 
v.riant of native «tur. CD4. Table 2 below de.crlbe. 

substitution, which in general will result in fine .odul.tion of 

the characteristic, of the CD antigen. 
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Ala 

ATS 
Asn 
A*P 

Cyt 

Cln 

Clu 

Cly 

Hts 

He 

Uu 

Lyi 

Mac 

Fha 

Ser 

Thr 

Trp 



ear 

ly. 

gin; hi. 
«ar; ala 

asp 

pro 

Asn; gin 
leu; val 
lie; val 
arg; gin; glu 
Uu; Ha 
aet; lau; tvr 
thr 
aar 
cyr 



Xyr trp; one 

Val lU: leu 

Subatanclal changa. in function or immunological identity 
ara made by .electing .ub.titution. that are Uaa conaervative than 
thoaa in Tabl. 2. I.... ••luting ra.idua. that diffar more 
aignificantly in thair affact on maintaining (a) th. atructura of 
tha polypeptide backbon. in th. araa of the aub.titution, for 
example aa a .heat or helical conformation, (b) tha charge or 
hydrophobiclty of th. molecule at th. targ.t .it. or (c) th. bulk 
of th. .Id. chain. Tha .ub.titution. vhich in g.n.ral ar. exp.cted 
to produc. tha graata.t changa. in adh.aon prop.rtia. will b. the. 
in vhich (a) a hydrophilic ra.idua, e.g. .eryl or thr.onyl, i. 
.ub.tltuted for (or by) a hydrophobic r..idu., ..g. Uucyl. 
UoUucyl. ph.nylalanyl . valyl or alanyl; (b) a cy.teinyl or prolyl 
t. .ub.titutad for (or by) any oth.r re.idue; (c) a ra.idua having 
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« electropositive .id. chain. ..... -.inyl. or hl.tidyl. 

U sub.cituc.d for (or by) an .l.ctron.g.tlv. r..tdu.. ..... 

glutei or a.parcyl: or (4) • r..ldu. having . bulky .Id. chain, 
e.g.. ph.nyl.l.nyl. 1. .ub.clcut.d for (or by) one noc having . 
5 side cheln. e.g.. glycyl. 

A preferred class of substitutional or d.letional variant, 
are those Involving the transmembrane region of ch. adh..on. The 
transmembrane region of the .dh..on 1. a highly hydrophobic or 
10 lipophilic domain that 1. the proper size to .pan th. lipid bil.y.r 

of the cellular membrane. It Is believed to .nchor th. adh..o« In 
the cell membrane. 

Deleclon or substitution of the transmembrane domain vlll 
15 fscllltste recover and provide . soluble form of the adh.son by 

reducing Its cellular or membrane lipid affinity and improving Its • 
w.cer solubility. If the transmembrane and cytoplasmic domains are 
deleted one avoids the Introduction of potentially Immunogenic 
epitopes. either by exposure of oth.rvl.. intr.cllular 
20 polypeptide that might be r.cognlz.d by th. body .. for.lgn or by 
insertion of heterologous polypeptide, that are pot.ntl.lly 
1-unog.nlc. A principal .dv.nt.ge of the cran.«.mbr«n« d.l.t.d 
adheson Is that It Is ..cr.ted Into th. cultur. medium of 
recombln«c ho.ts. This v.rl.nt I. vacer soluble and doe. not have 
25 an appr.cl.bl. affinity for cell membrane lipids, thus con.ld.r.bly 

simplifying Its recovery from recombinant cell culture. 

It vlll be amply apparent from th. for.golng discussion 
th«t substitution., del.tlons. Insertion, or .ny combination 

30 th«r.of ar. Introduced to .rrlv at a final conatruct. As a 

g.n.r.l proportion. .11 v.rlant. vlll not hav. a functional 
trans».mbr.n. domain and preferably vlll not hav. a functional 
cytoplaamlc sequence. This Is generally accomplished by deletion 
of the relevant domain. although adequate Insertlonal or 

35 substitutional mutagens also car. be effective for this purpose. 
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Per example. Ch. transmembrane domain U .ub.cituc.d by any - «° 

« 50 le, threonine, ly.in.. "ginlne. <I— ■ 
L Hke hydrophlllc residues, which eltogether exhibit . 
^phiUc hydropathy profile. - -« it 1. — ^ 
culture medium of recombinant ho.t.. Thl, variant, .hould .Uo be 
considered to be en edhe.on variant. 

Th... variants ordinarily are prepared by sit. specific 
^agenesis of nucleotide, in the ONX- encoding the adhe.on. thereby 
producing DHA encoding the variant, and thereafter expressing the 
DNA in recombinant cell culture. However, variant adhe.on. also 
.re prepared by in vitro .ynthe.ls. Obviously, variation. made in 
th . DNA encoding the variant adhe.on. oust not place the .equence 
out of reading frame and preferably will not create complementary 
region, that could produce . .econdary wUK .tructure del.t.riou. to • 
expression (EP 7 5 .4^ A ). The CD* variant, typically exhibit the 
same gpl20 binding activity as does the naturally -occurring 
prototype, although variant, also are .elected in order to modify 
the char.cteri.tics of the CD4 adheson a. indicated above. 

While the site for Introducing an aoino acid sequence 
variation is predetermined, the mutation per s. need not be 
predetermined. For example, in order to optimize th. performs 
of a mutation at a given site, random mutagenesis may be conducted 
at the target codon or region and the expressed adhe.on variants 
screened for the optimal combination of desired activities. 
Technique, for making substitution mutation, at predetermined .it., 
in DHA having a known .equenc. are well known, for example K13 
primer mutagenesis. 

Adheson variants that are not capable of binding HIV gpl20 
are useful nonethele.. a. immunogen. for raising antibodies to the 
adhe.on or a. lmmunoa...y kit components (labelled, as a 
competitive re.gent for gpl20 assay, or unlabelled as a standard 
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£er an adhe.on ....y) - W « " i~« « • dh "° n • pU ° Pe 
remits* Active. 

The DNA encoding sdh.son. i. obtainad by known procedures. 
S.. Willi-.. X—ol. today fi:298.303 (1987) and citation, 
therein m g.n.r.1. prokaryota. are ua.d for cloning of C04 
therein. £ coli «tr*in SR101 (for 

variant DMA sequence.. For exaaple. 

orop.getlng -13 ph.g.. • * r..l.eant .train of JK 101; Me..lng at 
I! N^ -Id. Re.. 2 (2>:309-321 (19.11): and,, coll US .cr.in 
29.' (ATCC Ho. 31446) ere particularly ua.ful. Oth.r .icrobiel 
.train, which uy be used include £. coli B. UK101 and £. coll 
x 1776 (ATCC No. 31537). The.e exa-ple. are illuatrativ. rather 
than Halting. 

DNA encoding the variant adhe.on. are lnaerted for 
.xpre.eion into vector, containing pro.ot.r. and control ..quence. 
which ere derived fro. .p.cie. comp.tlbl. with the intended host 
ceil The vector ordinarily, but need not. carry ..replication 
.it. a. well a. one or .or. marker .equance. which are capabla of 
providing ph.notypic ..lection in cran.for.ed cell.. For «-pla. 
E. coll i. typically cran.fon.ed ualng a derivative of pBR322 which 
i, . plaaald derlvd fro. an E. coll .pecie. (Bolivar, at al.. Cana 
2- 95 (1977)). PBR322 contain, gene, for «Bpicfcllin and 
tetracycline re.l.t.nce and thu. provide. e.«y »•«* for 
identifying transfonwd cell.. The pBR322 > pl«.«id, or other 
.lcrobl.1 pl...id mut al.o contain or be .odifl.d to contain 
propter, and oth.r control .le.ent. comonly uaed in r.co.bii«nt 
DNA constructions. 

Proaoters .ult.ble for use with prokaryocic hosts 
illustratively include the 0-iaccas.ase and lactose prcoter system 
(Chang at a2.. Nature. 221: 615 (1978); and Coeddel ec al.. Nature 
2fii- 544 [1979]). alkaline phosphatase, the tryptophan (trp) 
propter sy.te. (Coeddel. Nucleic Acid. Res. fi: 4057 [1980] and EP0 
Appln. Publ- No. 36.776) and hybrid pro.ocer. .uch as the tac 
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proper (H. de Boer .c .2.. Proc. Natl. Acad. Sci. USA fiP, 21-25 
(19831). Hov.v.r. other functional bect.rlel promoter, are 
lul tail.". Th.ir nucleotide ere generally known, thar.by 

.nabllng . .kill- "rk.r operably to llgate the. to DHA encoding 
the e-he.cn variant u.l»g 11—. or adaptor, to .apply any 
required re.trlction .It.. (Sl.b.nll.t .c .1.. Cell 2fi- 269 
tl 980}). Procter, for u.. In b.ct.rl.l .y.t.m. A., will cont.ln 
1 Shine-Delgemo (S.D.) ..au.no. op.r.bly linked to the OSA 
•ncodlng the .ntlgen. 

In eddltlon to prokaryotes. eukaryotlc microbe. .«ch .« 
veest culture, .l.o .re u..ful cloning or expr...lon ho.t.. 
y^^u rrrirvlilt. « «—» ye " C ls Che T 

co^nly used eukaryotlc mlcroorganl.m. .Ithough . nurf>.r of other 
sereins ere commonly ev.ll.ble. For expr.s.lon in S.ccharomyc.s . 
the pl.smid YRp7 . for example. (Sclnchcomb. et el.. Nature 2fi2: 39 
[1979); Klng.m.n et el. C.n. 1: 1*1 (1979); T.ch.mp.r et .1.. Gene 
ifl- 157 [I960]) 1. co«»only u..d. Thl. pl..«ld .lre.dy cont.ln. 
the trpl g.n. which provide. . ..lection marker for . m«t«t .train 
of y...t lacking the .bility to grow in tryptophan, for example 
ATCC no 44076 or PEP4-1 (Jone.. Cenetic. fii: 12 U977J). The 
pre..nce of the trpl Luton ~ • cher.ct.ri.tic of the y...t ho.t 
cell g.no.e then provide. an effective mean, of ..lection by growth 
in the ebeence of tryptophan. 

Suitable promoting .equence. for u.. with ye..t ho.t. 
include the promoter, for 3-pho.phoglycer.te kin... (Hitzeman »t 
si J Biol. Chem. 2Si: 2073 (1980]) or other glycolytic enzyme. 
(He., ec .1.. J. Adv. Enzyme Reg. 2: 1*9 [1968] ; end Holland. 
Biochemi.try 12: 4900 11978)). «uch .. enola.e. glyc.r.ldehyde-3- 
pho.ph.te dehydrogena... hexoklnase. pyruvate dec.rboxyU.e , 
pho.phofructokin..e. gluco.e - 6 -pho.ph.te Uooer.se. 3- 
pho.phoglyc.r.te mute.e. pyruvete kinase. triosephosph.te 
lsomerese. phosphoglucose Isomerase. and glucoklnase. 
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«*4^H *re inducible promoter* having 

.dv.ntsg.ou.ly u»d with y...t pro»ot.r.. 

Procter, for controlling crsnscription fro. vecror. In 
^U.n ho.c ell. ~y b. obc.in.d fro. various 
exa^U. the geno.e. of viru... .uch e.: polyc. Si-lsn Virus 40 
vTo). sdenovirus. retrovirus... h.p.titi.-B viru. .no . 
,,U cytcegelovirus. or fro. h.t.rologou. ~ 
ro .oc.r.. e.g. ». °- "tin Pro-o-. The e.rly - Urn 
pr oot.r. of Ch. SV.0 viru. sr. conveniently obuin.d « sn SV40 
..criccion fr.g..nt which el.o contsin. th. SV.0 vir.l origin 
Miction. Fi.r. .c .1.. Hsture, 221'. 113 (1978). Th. — « 
Jl y prcoter of th. hu«n cytceg.lovlru. i. conv.ni.ndy 
obt.in.d ss . BtodI" I -.triction fr.g~«t. Cr.enswsy. P J. .e 
si.. Cn. 14: 355-360 (1982). Of eour... pro.ot.rs fro. th. host 
cell or r.l.t.d specie. *l.o «re useful herein. 

DSA trsnscrlption in higher euksryot.s 1. incr.ss.d by 
ins.rting sn .nhsnc.r s.q««w. into the vector. Enhsnc.r. sr. cis- 
scting .le.ent. of DNA, ususlly fro. .bout 10 to 300bp. thst set to 
mere... the trsnscriptlon initi.tion c.p.blllty of . prcoter. 
Enhsncer. .re r.l.tively ori.nt.tlon end po.ition 
h .vlng been found 5' (Lslains, L. ec .1.. Proc .Hstl *~ d.Sci. £ 
993 llllll) .nd 3' <U»». K.L. . ec .1.. Hoi. C.ll Bio 1 1108 
,1983]) to th. inscription unit, within sn intron (B.n.rjl. J.L. 
sr. si Cell 22: 729 [1983]) veil ss within the coding sequence 
(Osborne. T.F.. et Hoi, Cell Bio. 4, 1293 (1984,). 



WO 89/02M2 



PCT/US88/03414 



10 



15 



20 



25 



30 



•23- 

- - — " — r; 

and adenovirus enhancers. 

Expression vector. u..d in eukaryotic ho.t cells (yeast. 
fun gi, ln..ct. pl.nt. animal, hu^n or nucleated cell.) ~y • «o 
contain .e,u.nc.s necessary for the ter.ln.tion of "-crlption 
.Men may effect m** expre.sion. These regions ere transcrlb ed~ 
polyedenyl.c.d segments in the untrensl.ted portion of the «tt 
encoding the adheson. 

Expression vector systems generally will contain a • 
.election gene, also termed a .electable merger. Example, of 
aultabl. .electable marker, for mammalian cells are dihydrofolate 
reductase (MA), thymidine kinase or neomycin. When .uch 
.electable marker, .re succe.sfully transferred into a — 1U» 
host cell, the transformed mammalian ho.t cell can .urvive if 
placed under .elective pressure. There are two widely used 
distinct categories of selective regimes. The first c.cgory i. 
besed on a cell', met.bolism and the use of . mutant cell line 
which lack, the ability to grow independent of . .upplemented 
B edlua Two e«api.. «e: CHO DHFR" cells and mouse LTJT cells. 
These cell, lack the ability to grow without the addition of such 
nutrient, as thymidine or hypoxanthlne . Because these cells lack 
certain genes necessary for a complete nucleotide synthesis 
pathway, they cannot survive unless the missing nucleotides are 
provided in a suppl.-nt.d medium. An alternative to supplementing 
the medium is to introduce an intact DHFR or TK gene into cells 
lacking the respective genes. thus altering their growth 
requirements. Individual cells which were not transformed with the 
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k „„.bl t of survival In non supplemented 
DHFR or TK gene will not be capable 



media. 



Xn. ,.cond category 1. don.ln.nt selection which e ^ 
5 selection scheme used In any cell type and does not retire the use 

5 . Lent cell line. These sche.es typically us. a drug to 

d epress a protein conveying drug resistance and woul survive 
the selection. Example, of such dominant selection us. he dru 

1C neomycin. Southern P. snd Berg. P.. J. Holec. Appl. Genet. 1 327 

10 7 2 ). mycoph.nolic acid. HulUgsn. E.C. - Berg >. Science « 

.22 (1980) or hygromycin. Sugden. B. ec -1.. Mol. Cell Biol i 
".13 (1985). The three examples given above employ b.cterU 
g enes under euxaryotlc control to convey resistance to th 
15 appropriate drug CIS or neomycin (gen.ticin) . xgpt (mycoph.nollc 

acid) or hygromydn. respectively. 

•Amplification- refer, to the Increase or replication of 
an isolated region within a cell's chromosomal D«A. 
20 1. achieved using a selection agent e.g. -.thotr.xat. (HTX) which 

inactivate. DHFR. Amplification or the maKlng of successive copies 
of the DHFR gen. results in greater amounts of DHFR being produced 
in the face of greater amounts of HTX. Amplification 
applied notwithstanding the presence of endogenous DHFR. by adding 
25 ever greater amounts of HTX to th. media. Amplification of a 

desired g.n. can b. achieved by cotransf.ctlng a mammalian host 
cell with a pi— Id having a UNA .ncodlng a desired protein and th. 
DHFR or amplification gene permitting colntegr.tion. One ensures 
chat the cell requires -or. DHFR. which requirement is met by 
30 r.plic.tion of th. s.l.ctlon g.n.. by s.l.cting only for ells that 

can grow in th. presence of ever-greater HTX concentration. So 
long a. the gene encoding a d.slr.d h.t.rologou, protein ha, 
colncegreted with th. selection gene replication of this gene glv.s 
rise to replication of the gene encoding the desired protein. Th. 
35 result is that increased copies of the gene. i.e. an amplified 
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cleaved, t.ilor.d. and r.ligat.d in th. for. de.lr.d to *» *■ 

,„„!. pub. by Greene Publl.hlng As.oci.te. 6 Wiley- Int.r.ci.nce) . 

Correct plasmid ..quence. .re conf irmed by transforming 1. 
coll K12 .train 294 (ATCC 31«*«> vith ligation mixture. . .«cce,.ful 
transformers .elected by -pleilll. or tetracycline resistance 
vhere appropriate. pl.smids fro. th. tran.fon.ants prepared and 
then enalyzed by restriction enzyme digestion and/or sequenced by 
I" ffl ec h oc of Ke..lng et al.. Nucleic Acids Res. «: 3C C l..l, or 
by the method of Maxam et al.. Methods in Enzymology tt . 
(1980) . 

Host cells are transformed with the expression vector, of 
this invention. Thereafter they are cultured in appropriate 
culture media, e.g. containing substances for inducing promoter., 
selecting transformers or amplifying gen... The culture 
conditions, such as temperature. pH and the Uke, are those 
previously u.ed vith the ho.t cell .elected for expr...ion. and 
will b. apparent to the ordinarily .killed arti.an. 

The secreted edhe.on variants are recovered and purified 
fro* the culture supernatant, or ly.ates of recombinant hosts. 
Typically, the supernatant, are concentrated by ultrafiltration, 
contacted with . llgend affinity or immuno.ffinity matrix so a. to 
adsorb the edhe.on variant. and .luted from the matrix. 
Optionally, the edhe.on is purified by ion exchange chrom.togr.phy. 

Surpri.lngly. puriflc.tlon of .oluble CD* .dhe.on from 
culture medium v.. unexpectedly difficult. Notvith.tending thet 
the hydrophobic tr.n.«.mbr.ne region of the antigen had been 
deleted, the antigen exhibited . .trong tendency to form aggregates 
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10 



.tat could b. readily removed fro. .uapanaion by cr.trlfug.cion at 
1000 x g. «nd which .vidly coat surface, such a. ultrafiltration 
.•MM. Thi. .PP««. to result fro. th. reduction in 
concentration of albumin or oth.r serum prot.in (ordinarily pro.ont 
in the cruda preparation) to a particular l.v.l. below which th. 
truncated antigen no longer reditu .oluble. Thi. phenomenon 
appear, to be aggravated by expo.ur. of th. CD4 adhe.on to low pH 
« .bout pH 4). As a r..ult. separation procedure, (p.rticul.rly 
tho.e that employ acid elutlon. .uch a. i»uno.ff inlcy) .hould be 
.odlfied .. that th. eluat. I. maintained at. or immediately 
returned to. about neutrality. Further, a .urf.ctant. e.g. a 
detergent .uch as Tween 80. .hould be included with the antigen 
during th. separation procedure. Th. final purifi.d product will 
b. stabilized with • pr.d.t«rmin.d prot.in .uch as albumin, and/or 
15 a detergent. 

Th. purified adhe.on is formulated into conventional 
pharmacologically acceptable exclplents. 

It is administered to patients having HIV infection at a 
dosage capable of maintaining a concentration of greater than about 
100 ng of soluble CD4 adheson/ml plasma. For C04 adhe.on variants 
having different molecular weights, about 2 plcomolea of soluble 
receptor per ml of plasma will be initially evaluated clinically in 
order to establish a stoichiometric equivalence with native 
(membrane bound) and soluble receptor. The ordinary dosage of 
soluble CD4 is 100 ,igAg of patient weight/day. 

The therapeutic CD& variants are employed with other 
therapies and agents for the treatment of AIDS. Including AZT. 
neutralizing antibodies and immunocytotoxins . gpl20 fragments and 
vaccines . 
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In ordor to facilicato undoratanding of tho following 
oxaaploa cortain froquontly occurring aothoda and/or tora* will bo 
doacrlbod. 

•Flaaalda* aro doaignatod by a lowor caao p procodod and/or 
follovod by capital lottora and/or nuabora. Tho starting plasaids 
horoin aro olthor coaaorcially avallablo, publicly avallablo on an 
unroatrictod baaia, or can bo conatructod from avallablo plasaids 
In accord vlch publlshod procoduxoa. In addition, oquivalont 
plasaids to thoto doacrlbod aro known in tho art and vill bo 
apparont to tho ordinarily skillod artisan. 

•Digoation - of DMA rofora to catalytic cloavago of tho DNA 
vith a roatriction onxyao that acta only at cortain aoquoncoa in 
tho DNA. Tho varioua roatriction onxyaoa uaod horoin aro 
COM %rcially ovoilablo and thoir roaction conditions, cofactora and 
othor roquiroaonts woro uaod aa vould bo known to tho ordinarily 
akillod artiaan. For analytical purpoaoa, typically i MS of 
plasald or DKA fragaont la uaod with about 2 unita of onxyao In 
about 20 m1 of buff or solution. For tho purpoao of isolating DNA 
fragaonta for plasald construction, typically 5 to 50 pg of DNA aro 
digostod with 20 to 250 unita of onxyao in a largor voluao. 
Approprlato buf fors and aubatrato amounts for particular 
roatriction onxyaos aro spoclflod by tho manufacturer. Incubation 
tiaox of about 1 hour at 37*C aro ordinarily uaod, but may vary in 
accordanco with tho supplier* a instructions. Aftor digoatlon tho 
roaction la oloctrophoroaod dlroctly on a polyacrylaaldo gol to 
laolato tho daalrod fragaont. 



30 •Rocovory' or •iaolation' of a givon fragaont of DNA from a 

roatriction digoat aeana aoparatlon of tho dlgoat on polyacrylaaldo 
or agaroao gol by oloctrophoroala , identification of tho fragaont 
of intoroat by coaparlaon of ita mobility voraus that of aarkor DNA 
fragaonta of known aolocular wolght, roaoval of tho gol aoctlon 

35 containing tho doalrod fragaont, and aoparatlon of tho gol from 
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DN A Thi. procedure 1. know* g.n.r.lly (Uwn. R. .c si N«cl.lc 

Acids Res I: ^57 (1980)). 

-D.pho.phoryl.cion- r.f.r. to che removal of ch. t.rmltul 
5 . phosph.ce. by cre.tm.nt with b.cc.rLl el**Un. pho.ph.tase 
(BAP) . Thi. procedure prevent, ch. tvo restriction cle.v.d ends o 

7n1 fr.gm.nt fro. -circuiting- or forming . closed loop th.t 
JL insertion of -other OH. « ch. re.crlctio 

slte ?r ocdur.. .nd r..g.nc. for depho.phoryl.cion .nd other 
recombln.nt ^ipuUclon. .r. convent ion.1 . Regions using BAP 
.re carried out In 50mM Trl. .t 68'C to .uppr..s ch. .ctlvlty of 
any exonucle.se, which may b. present in ch. enryme prepar.Clons^ 
tactions v.r« run for 1 hour. Following th. re.ctlon ch. DNA 

fragment 1. gel purified. 

•Lig.tlon- refer, to the proc... of forming pho.phodle.t.r 
bonds between two double .trended nucleic .cid fr.g-.nt. (Manl.cl.. 
T et li " 1«). Unl... ochorwl.. provided, lig.tlon msy b. 

accompli.h.d using known buff.r. .nd condition, wich 10 unlc. of 14 
DMA lig..e Clig..e-) p.r 0.5 pg of approxi».t.ly equlmoLr .mounts 
of the DNA fr.ga.nt. eo be lig.t.d. 

•Filling" or -blunting- refer, co ch. procedure, by which 
th. .ingle .trended .nd In th. coh..lv. termlnu. of . r..trictlon 
.nzym.-cl..v.d nucleic .=id i. converted to . double .trend. This 
eli»in.ce. the cohesive terminus end forms « blunt end. This 
proc... 1. . v.r..tll. tool for converting . restriction cue .nd 
thst m.y b. coh..iv. with th. ends cr..t.d by only on. or . few 
other r.striction enrym.s into . terminus comp.tlble with .ny 
blunt-cutting r..trictlon .ndonucl.e.e or och.r filled cohesive 
terminus. Typlc.lly. blunting is eccompll.h.d by incub.ting 2- 
15„g of the target DNA In 10«M MgCl 2 . 1»N dithlochr.lcol . SOU 
N.C1. 10«M Trl. (pH 7.5) buffer st .bout 37«C In th. presence of 8 
unit, of the Klenow fr.gm.nt of DNA polymer.se I end 250 mM of e.ch 
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of the four deoxynucl.o.ld. crlpho.ph.c... The incubation 
generally Is terminated after 30 mln. phenol end chloroform 
extraction end ethenol precipitation. 

The following e W le. merely lllu.tr.te the beet .ode now 
cont.opl.ted for pr.cticing the invention, but ehould not be 
construed to limit the Invention. 

Email 1 

llnrm ™ A S«cr«rr<1 DttrlvatlYB. 

Sftr.tion 1 

The plesmid used for recombinant aynthesia of human CD4 was 
P SVeCD4DHFR. The plaemld was constructed as follows: 

ACDAP1 containing most of the coding sequence of humw CD4 • 
(obtained from e human placental cDNA library using oligonucleotide 
probes based on the published sequence (Kmddon ot al. 1985]) was 
dlgeeted with Efifi" to produce the cDNA insert. This fragment was 
recovered by polyacrylamide gel electrophoresis (fragment 1) . 

pUC18 was digested with EfifiRI *nd the single fr.gm.nt 
recovered by poly.cryl.aid. gel electrophoresis (fr.gm.nt 2). 
Fragment 1 was llgated to fragment 2 and the ligation mixture 
transformed into E. coll str.in 294. The transformed culture wa. 
pl.t.d on amplclllln m.dia plates and re.ist.nt colonies selected. 
PlAsmld DMA w.s prepar.d from tr«nsform*nts «nd ch.clwd by 
restriction analysis for th. presence of the corr.ct DMA fr.gm.nt«. 
This plaamid Is referred to ss pUCCD4. 

pSVeE ' DHFR (Hu..ing et al.. Cell 4^:691-701 [1987]) was 
digested with LbqI and fianHI and blunted with E. coll DMA 
polymere.e I (Klenow fragment) and the four dNTPs. Fragment 3 
containing the pHX-Aop r region. SV40 early promoter, the HIV LTR, 
and the mouse DHFR gene was recovered by gel electrophoresis. 
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lig.ted *nd th. ligation mixture transformed into E. coll strain 
294 The transformed culture was plated on amplcillin -die pl.t.. 
end r..l.tent colonies .elected. Plasmld DNA was pr.p.red from 
crensformant. end checked by re.triction analysis for the presence 
of the fi«HI r..trlction .ite and the .b.ence of the Ifcnl 
restriction .ite. This plasmid i. referred to pSVeABKDHFR and 
ellovs EfitfU-Utfll fr.g»ent. to be inserted after the SV40 early 
propter and transcribed under its control, following transfection 
Into an appropriate cell line. 

Synthetic oligonucleotides (adaptors 1-6. below) vere made 
to extend fro. 76 bp 5' of the initiation codon of CD4 translation 
to the ftul restriction site st 121 bp 3' of the initiator, with 
the sequence AATT .t the 5' end of the sense strand to generate «n 
end which could lig.te to an fisfiRI restriction fragment. These 
oligonucleotides were lig.ted and the 204 bp fragment containing 
the entire sequence recovered by gel electrophoresis (fragment 4). 

CD4 adaptor 1: AATTCAACCCCAGACCCCTCCCATTTCTCTCGCCTCAGGTCCCT 
CD4 adaptor 2: pACTCCTCAGCCCCTTCCTCCCTCGGCAACGCCACAATGAACCGGGGAGTC 
CD4 adaptor 3: pCCTTTTAGGCACTTGCTTCTGCTGCTCCAACTGGCGCTCCTCrCACC 
CD4 adaptor 4: 

pAGCCACTCAGCGAAACAAAGTGGTGCTGCGCAAAAAAGGGGATACAGTGGAACTGACCTGT 
CD4 adaptor 5: pACAGCTCAGTTCCACTCTATCCCCTTTTTTCCCCACCACCAC 1 1 WI I ICC 
CD4 adaptor 6: pCTGAGTGGCTCCTCGGAGGAGCGCCACTTGCAGCACCAGAAGCAAGT 
CD4 adaptor 7: pGCCTAAAACGGACTCCCCGCTTCATTGTGCCCTTGCCGAGGGAGGAAGGG 
CD4 adaptor 8: CCTGAGCAGTAGGGACCTGAGCCCACAGAAATCGCAGCGCTCTCGGCTTG 

pUCCD4 was digested with Esfil «d Sill and the 401 bp 
fragment containing part of the CD4 coding sequence recovered by 
gel electrophor..is (fragment 5). pUC18 w.« digested with fififilU 
and Sitl and the fragment comprising the bulk of the plasmid 
recovered by gel electrophoresis (fragment 6). Fragments 4 and 5 
were ligated to fragment 6 and the ligation mixture transformed 
into £. coli strain 294. The transformed culture was placed on 
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anpicillin media pUces end resistant colonial selected. Plasmid 
DKA was prepared from transformants and checked by restriction 
analysis for the presence of the correct fragment. The sequence of 
the inserted synthetic DNA was checked by excising the 605 bp 
EcoRI-SatI fragments from several transformants and ligatlng them 
to M13mpl9 which had been digested with the same enzymes. After 
transformation into £. coll strain JM101, single -stranded DKA was 
prepared and sequenced. One plasmid which contained the correct 
sequence was selected, and is referred to as pCDAint. 

pCD4int was digested with £cjp.RI and £s_£l and fragment 7 
containing the 5' end of the CD4 coding region wms recovered by gel 
electrophoresis. pUCCD4 was digested with Sail and fiajaHI and the 
1139 bp fragment containing the remainder of the CD4 coding region 
(fragment 8) recovered by gel electrophoresis. 



pSVeABKDHFR was digested with Eco RI and flamHI and fragment 
9 comprising the bulk of the plasmid was isolated. Fragments 7, 8 
and 9 were llgated and the ligation mixture transformed into E. 

20 coli strain 294. The transformed culture was plated on ampicillln 

media plates and the resistant colonies selected. Plasmid DKA was 
prepared from transformants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pSVeCD4DHFR. and was used to direct synthesis of recombinant 

25 intact CD4. 



gejEXlm 2 

A plasmid was constructed to direct the synthesis of a CDA 
derivative lacking the putative transmembrane domain and most of 

30 the putative cytoplasmic domain (Maddon ec al . ) . This was done 

with the intention of creating a secreted form of CDA, based on the 
assumption that these domains anchor the CD4 glycoprotein to the 
cell membrane, and that their deletion would result in the 
secretion of the product. This plasmid is referred to as 

35 pSVeCDAAHla&HFR and was constructed as follows: 
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pUCCD4 was digested with Sl£l and lAfll **d ch* 531 b P 
fragment (fragment 10) recovered. pUCCD4 was digested with Hla.111 
and lAfll and the 112 bp fragment (fragment 11) recovered. pUCCDA 
5 was digested with BamHI and Hlalll and the 301 bp fragment 

(fragment 12) recovered. pCD4int was digested with *nd fiamjil 

end fragment 13 comprising the bulk of the plaamid recovered. 
Fragments 10, 11, end 12 were ligated together with fragment 13 and 
the ligation mixture transformed into £. coll strain 294. The 

10 transformed culture was plated on aoplclllin media plates and 

resistant colonies selected. Plasmid DNA was prepared from 
trans ferments and checked by restriction analysis for the presence 
of the correct fragment. Plasmid DNA from several transformants 
was sequenced to ensure that the 195 bp Nla lll fragment had been 

15 deleted and that the proper reading frame was restored. The 

resulting plasmid is referred to as pCDAANla. 

pCD4ANla was digested with Eco RI and fl* raHT and the 1541 bp 
fragment containing the sequence of a CD4 derivative lacking Che 

20 transmembrane and cytoplasmic domains recovered (fragment 14) and 

ligated to fragment 9 and the ligation mixture transformed into £. 
coll strain 294. The transformed culture was plated on amplcillin 
media plates end resistant colonies selected. Plasmid DNA was 
prepared from transformants and checked by restriction analysis for 

25 the presence of the correct fragment. This plasmid is. referred to 

as pSVeCD4ANlaDHFR . 

Both p$VeCD4DHFR and pSVeCLAANlaDHFR were transfected into 
CH0 cells by the seme method used to establish cell lines stably 
30 expressing HIV-I polypeptides (Hues in g, Smith and Capon, Cell 

ifi: 6910701 [1987]). These cells were assayed for production by 
radlolmmunoprecipltatlon as described below. While no product was 
detected in initial experiments, subsequent experiments showed that 
the above described coding segment could indeed direct the 
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synthesis of a soluble CD4 adheson variant both In CHO and 293 

cells. 



Section 3 

5 A different expression system was initially used for the 

synthesis and expression of a CD4 variant lacking completely the 
cytoplasmic and transmembrane domains. This system uses the 
cytomegalovirus promoter and can be used in cultured cells of human 
origin. The first plasmid constructed for use in this system 
10 contained the entire coding region for CD4 and was intended to 

function as a control in the following studies . It is referred to 
as pRXCD4, and was constructed as follows: 

pSVeCD4DHFR was digested with Eco RI and ftajaHI and fragment 
15 containing the entire CD4 coding region was isolated. pRK5 
(U.S. S.N. 97,472, filed Sept. 11, 1987) was digested with fifioRI and 
Bam HI and fragment 16 comprising the bulk of the plasmid recovered 
by gel electrophoresis, ligated to fragment 15, and the ligation 
mixture transformed into E. coli strain 294. The transformed 
culture was plated on amp ic ill in media plates and resistant 
colonies selected. Plasmid DNA was prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment. This plasmid is referred to as pRKCD4. 

25 Section 4 

The next plasmid constructed was designed to direct the 
expression of the above-mentioned (Section 3) secreted derivative 
of CD4. The coding region of CD4 was fused after amino acid 
residue 368 of mature CD4 to a sequence from pBR322 which codes for 

30 9 more residues before a translation termination codon. This 

removes the putative CD4 transmembrane and cytoplasmic domains, 
which are presumed to anchor CD4 to the cell surface. The plasmid 
is referred to as pRKCD4T (and which produces protein called CD4T) , 
and was constructed as follows: 
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pSVeCD4DHFR vas digested vlth Us*", blunted with Klenov 
fragment end the four dNTPs, end digested vith BstEII. The 382 bp 
fregment (fregment 17) containing pert of the CD4 coding sequence 
ves recovered by gel electrophoresis. pSVeCD4DHFR ves digested 
vith ££fiRl end fiitEII end the 874 bp fragment (fregsent 18) 
recovered. pBR322 ves digested vlth Hind i I I . blunted vlth Klenov 
fregnent end the four dNTPs. end digested vith EcoR I . Fregaent 19 
comprising the bulk of the plesaid ves Isolated end ligeted to 
fregaents 17 and 18 and the ligation mixture transformed into E. 
coli streln 294. The transformed, culture ves plated on emplcillln 
media pletes end resistant colonies selected. Plasmid DNA ves 
prepared from transformants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pCD4Tint. 

pRX5 vas digested vith fc^RI and Sma l and fragment 20 
comprising the bulk of the plasmid isolated. pCD4Tint vas digested 
vich fi£oRI and fic^RV and the 1410 bp fragment containing the CD4 
coding sequence to the Haa.II «ite at 1176 bp 3 ' of the initiating 
codon end the 154 bp Hin3III-££o.RV fragment of pBR322 vas recovered 
(fregaent 21). Fregaents 20 and 21 vere ligated and the ligation 
mixture transformed into B. coli strain 294. The transformed 
culture vas plated on ampicillin media plates and resistant 
colonies selected. Plesmid DNA vas prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment. This plasmid is referred to as pRKCD4T. 

Section 5a 

In order to create a secreted form of CD4 vhich could be 
purified vith en antibody directed to herpes virus type I 
glycoprotein D. e plesmid vas constructed to express e derivetive 
of CD4T in vhich the region coding for the mature, processed CD4T 
polypeptide ves fused to e sequence coding for the signal peptide 
end the firtt 27 residues of the mature type I Herpes Simplex Virus 
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gD glycoprotein. This plasmid is referred to as pRKCDCD4T , end was 
constructed es follows: 



10 



lb 



20 



pgDTrunc.DHFR was digested with £fi£RI and £vull and the 
fragment containing the coding region for the signal peptide and 
first 27 residues of the mature HSV I gD glycoprotein was isolated 
(fragment 22). pRKCD4T was digested with and £i£EII and 

fragment 23 containing the 3' end of the CD4 coding sequence and 
the pRJC5 region was isolated. 

Synthetic oligonucleotides GD (adaptors 1*2, below) 
containing the coding sequence of CD4 from the codon for the amino 
terminal residue: of mature CD4 to the £iA site at 121 bp 3' of 
translation initiation, and containing the sequence CTGCTCGAC at 
the 5' end of the sense strand were prepared (fragment 24). pRKCDA 
was digested with Rsa l and ££££11 and the 665 bp fragment 
containing pert of the coding region for CD4 was recovered 
(fragment 25) and ligated to fragment 24. After digestion with 
Bst EII to ensure that only monomer 5c fragment was present, the 724 
bp fragment containing both sequences was recovered by gel 
electrophoresis (fragment 26). 



Fragments 22, 23 and 26 were ligated and the ligation 
mixture transformed into £. coii strain 294. The transformed 

25 culture was plated on amplclllin media plates and resistant 

colonies selected. Plasmid DNA was prepared from trans formants and 
checked by restriction analysis for the presence of the correct 
fragment. The sequence of several transf ormants was checked to 
ensure that the synthetic Insert was correct and that reading frame 

30 was preserved. This plasmid is referred to as pRKCDCD4T. 



35 



These pRX5 derived plasmids preferably were transfected 
into 293S cells for stable expression according to Muesing, et al. 
Cell 4fi:691 (1987) with the exception that in addition to the 
plasmid of interest a plasmid expressing the neomycin resistance 
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g . n . pRSV n.o (Gonean .c al. Science 221:553-555 (1985)) was 
!otr.n.f.cced. 293 c.U. also .r. used s.ti.f.ctorily as host 
cells 2 day. ifur transition, th. c.ll. were p....g.d into 
sc.ndard ..diu. (1:1 F12/DH2 .uppl.-nted vlth 1-gluta.ine. 
peniclllin-.tr.pto.ycin end 10» FBS) with 0.5 .g/.l C418 (Cntlcin 
sulf.ce- Cibco) for ..lection of .table cell line., r.ther than in 
M4U containing ..thotr.xet. .. .hovn by Ku..lng .t .1. C.ll. 
were ....yd for production of CD4 or CD4 analog, by r.diol«uno- 
preclpltatlon. Binding .eudie. (..ction 5c) u..d conditioned 
.up.rnat.nt, fro. th... cell, in the 1:1 F12/DME »ediu». 
Hac.rl.ls used in inactivity ....y. (..ction 5b) w.r. obtained .s 
described in section 8 below. 

gDCIA .dap tor 1 : 

ctcctcgagcacgcaaacaaagtggtgctgggcaaaaaacgcgatacactcgaactgac 

gDCD*» *daptor 2: 

pACAGGTCACTTCCACTCTATCCCCTTTTTTCCCCAGCACCACTTTGTTTCCCTGCTCCA 

Th. following constitute. . .tudy of th. neutr.llz.tion of HIV-1 
infectivity by .olubl. CD4 analogs. A .odific.tion of the 
neutr.llz.tion proc.dur. of Robert-Curof f et .1.. Nature 21*: 72 
(1985) we. follow.d. Equal volume, of inhibitor .upematent and 
vlru. (60 «icrolit.r.) w.r. incubated at 4 degrees C for 1 hour, 
then the .... vol.— of H9 (Cailo .t .1.. Science 22i:500. 1984) st 
5xl0 6 /.l w.. .ddad and incubation continued for 1 hour at 37 
degree. C. Following ab.orption. 2.5X10* C . U , ln i 50 alcrollt.rs 
were cr«n.f.rr.d to 2 .1 of incubation »edi.. Aft.r 4 day. «t 37 
degree. C. the culture, were split 1:2 with fresh .edi. and 
incub.ted for an .ddltional 3 day.. Culture, were harvested, 
reverse transcriptase .ctivity wa. »ea.ur.d (Groopnan at al.. AIDS 
Rese.rch .nd Hvatn R.troviru... 2:71. 1987). .nd inssunofluorescence 
reectlvlcy with HIV-1 po.itiv. s.ru. w*. deteralned as described 
(Poles* et .1.. Proc. Acad. Net. Scl. USA 22:7415. 1980). 
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Irtitblt or .up™, -r. obtain.* fro. eon«u.nt P l.t. ™ 
of 293S/CDT4, 293S/gDCD4T c.11. or untranaf.ct.d 293S c.ll. by 
1 1« i«S th grovth ..dlu. Incubation «*U H-.,tlng th. 

: ^nr, 24'hour. l.«r «*t~ -~ "^jTf 
er .11 of th. incubation ».dl. during th. flr.t thro. day. of 
dlcur. « -diced In th. ..eond colu^ . f ^ -U- 
do„ of vlru. vas 100 TCID50 (Croop-n .c al.. of HIV 

,„.!„ HTUMllB grovn In H9 o.ll. u.^ ^ ch. 
InC ub.tlon .edl. conal.c.d of RPMI 1640 «dl. containing 2nM l- 
.lut-tm. 100 unlt./«l p.niolllln. 100 »lcrogr«./-l .crepto-ydn. 
2 B lcrogr«./.l polybr.ne and 20% f.t.1 calf ..n. (K.A. 
Bioproducts). 

Table 3 

Dilution of Indirect Reverse 
, nMMrftr ij^uno fluorescence transcriptase 

aas. '.r"- , ss^ m . ^ 

nock- trans- 
fected 

nock- trans - 
fected 

CD4T 

CD4T 

gDCD4T 

gDCDAT 



undll . ; 


1:4 


65.3 


65.5 


21.8 


23.9 


undil. ; 


1:4 


61.2 


61.1 


18.5 


28.1 


undll. ; 


1:4 


0.4 


18.0 


0.11 


5.94 


undll . ; 


1:4 


0.8 


16.1 


0.15 


3.72 


undil. ; 


1:4 


0.4 


26.8 


0.14 


9.92 


undil. ; 


1:4 


1.4 


36.1 


0.23 


11.3 



35 



40 



Both fonu of .olubl. C04 virtually aboll.h.d th. growth of 
HIV.l. vh.n Incubat.d vlth vlru. - Inf. ct.d o.ll. without prior 
dilution (Tabl. 2). At a dilution of 1:4 th. .olubl. C04 
proration. v.r. only partially .ff.ctlv In Inhibiting vlru. 
grovth. hovovar th. l.v.1 of fluor..c.nt-po.ltlv c.ll. and r.v.r.. 
tr.n.crlpt... va. .till .lgnlf lcantly lover than cultur.. r.c.lvlng 
B ock-tran-f.ct.d c.U .up.ma«nt. (Tabl. 2). Sine, th.re v., no 
.Ignlflcant dlff.r.nc. In vlru. grovth b.tva.n dllut.d -and 
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«.« eh. ir~tb .f motto* » ">*" • h ~° > - ' 

„.p.„ibl. ft.. *• ».-«.U,«l«. .f HIV.! t«f.«l.» »f »' 



10 



15 



20 



25 



30 



35 



To d.t.rmln. th. affinity consent for interaction, b.tw.on 
.pUO ana CD* or CD4 variants. ..tur.tion binding ™ 
Lied out with .olubl. CD4 iaal - .olubillz.d 
nlc CO, CU* et *. -11 *:975 (1987,) joying 
lolodinated gp!20 labeled with lactop.roxld-e » nding 
e.ctions consisted of 1«I. W «0 (3 ng to 670 ng. 2.9 nC /ng) 
^ubeced for 1 hour .t 0 degr.es C with cell lys.tes containing 

Let O* (U.1-T -t «^"> ~ ~ U 

containing unlabeled CD.T or gDCD4T prepared ., described in • 
section 5.. Reactions (0.2.1) had a final composition of 0.5X 
HcDougal Lysis Buffer (McDLB) (1 * KcDU contain.0.5 % Honidet NP- 
.0 0 2% Ha deoxycholate. 0.12 H SaCl. 0,02 H Trl.-HCl. pH 8,0) and 
.ere performed in duplicate, both in th. pre.ence or ab..nc. of SO 
..icrogram. of unl.b.l.d purified gp!20 (74 fold or greater axe...). 
Following incubation. bound gp!20 va. quentlt.t.d by 
u.n.unoprecipltacion and counted in a 8— counter For 
^.precipitation, binding reaction solution, were pr.ab.orbed 
with 5 microliter, of normal rabbit ..rum for on. hour .t O'C. and 
cl..r.d with 40 microliter, of Penaorbin (10 % w/v. Calbloch.m) for 
30 minute, at 0 d.gr... C. Sampla. v.r. than incub.t.d ov.rnlght 
at 0 d.gr..s C with 2 microliter, of normal .arum or 5 microliter. 
(0 25 microgram) of 0KT4 monoclonal antibody (Ortho) followed by 
collection of immune complex., with 10 microliter, of Panaorbin. 
Precipitates were w.ah.d twice in IX HcDLB and once in water, then 
.luted by .luting .t 100 degree. C for 2 minute. In .ample buffer 
(0 12 M Tris-HCl pH 6.8. 4% SOS. 0.7 M merc.ptoethanol . 20% 
glycerol, and 0.1% bromoph.nol blue). CD4 molecules were bound 
..turably by gpl20. and yielded . .impl. »•« action binding curve. 
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c cranes from Osock-crans feted cells gave a level of 

bound .no i... - u that e- - =r:: 

containing .olubl. CD*. Sc.tch.rd analy.l. r.v.l.d . .Ingl. cl... 
7 nZ on ..ch molecule, with .PP~ent dissociation 

of ending .It io . 9 m ^ Q 72 x w . 9 M for 

1 gO-T. re.p.ctlv.ly. TH. valua. obtaln-d - 
^binding * .olutlon are comparable to the af^Uy 
piously ..««eo for gp!20 binding to CD* on vhol. cell. (Kd-4.0 
x lO* 9 M. UsVcy. Cell. fiifflXA) . 

"^^n order to produce secreted derivative, of CD* which ere 
free ef extraneous amino acid residues, tvo plasmlda 

. ,«,, -in. The plasmlda contain CD* 
constructed for expression In 293 cells. The 9 

g .nes which have been truncated vithout the addition of extra 
residues, and are referred to as pRKCDAANla and pRKCD*TP (and vhlch 
produce proteins called CD*TP and CD*ANla) , and vere constructed a. 

follows : 

Fragment 1* containing the CD* gen. with the 195 bp UtfXX 
restriction fragment d.l.t.d v., Ug.t.d to fragment 16. vhlch is 
pRK5 digested vith - «d to**. Xh. ligation mixture v« 

transformed Into t. coll strain 29*. the transformed culture plated 
on amplclllin media plates and r.sistant colonl.s s.l.ct.d. 
Plasmid DMA v.s pr.p.r.d from transformants and checked by 
restriction analysis for the pr.s.nc. of the correct fragment. The 
resulting plasmid Is referred to as pRKCD*ollla. 

Synthetic DNA (5'CCT CAT AGA ACC TTT CTA GAC 3') «« 
to attach to the Hfi.II sit. at 1176bp and vhlch vhen so attached 
would t.rmlnate translation after amino acid residue 368 of mature 
CD* (fragment 27). The other .nd of this fr.gm.nt v.s d.slgned to 
ligat. to fl^HI restriction fragments. pOCCD* vas digested vlth 
fiatEIl and Ufigll and the 382bp fragment containing part of the CD* 
gene was recovered (fragment 28). Fr.g-nts 27 and 28 vere llg.t.d 



w . 
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.«.„, and *. r..»Ui», «1» fr.«..»c ... <'««■»< 



29). 



PRKCD4 va. dlge.ted with ftlSXX — *** «d the fragment: 
eo.pri.lns che bulk of che plaamid (fregmenc 30, va. i.oUe.d an 

i coll scr.ln 29.. the transform culture plated on -pi-illi- 
.edl. Ute, end resistant colonies .elected. Plasmid DNA was 
pr . P ar.d fro. cran.fon.anc. and checked by re.trlction ' 
the pr...nc. of che corr.cc fr.gm.nc. The resulting pUs-d 
referred co as pRKCD4TP. Boch planid. are cr.nsf.cc.d inco 293 
cells co generace stable varianc CD4-expre,sing cell lines as 
described above. 



Two plasmids were conserved co direcc Che expression of 
..cr.ced CD4 lacking excraneou. amino acid residue, in CHO cells. 
These are referred co es p S VeCD4ANlaSVDHFR and pSV.CDATPSVDHltt (and 
which encode proteins having the priory sequence of CD4AH1. and 
CD4TP). and were conscrucced as follows: 

pE348HBV.E400D22 was digested with £a»l £Sfi RI * nd the 
fragment containing the SV40 early promoter and part of the fi- 
l.ccamas. gene was recovered (fragment 31). pE348HBV . E400D22 was 
digested with fcal and Bj«HI «nd the large fragment containing the 
balance of the ^-lactam... gene a. veil as the SV40 early promoter 
and the DHFR gene was isolated (fragment 32). 

Fragments 31 and 32 were llgaced together with fragment 14 
and transformed into £. coli strain 294. The transformed culture 
was placed on amplcillln media places and reslscanc colonies 
.elecced. Plasmid DNA was prepared from cransformancs and checked 
by re.cricdon analy.i. for che presence of the correcc fragmenc. 
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, *a im r.f.rr.d to u pSVECD4£iU.SVDHTR. Thli 

(Section 2) . 

pBCCWIP - «.•«••> t" RI - '""""! 

..ji. .l«*. «* »«" " l "> 1 " ,u ~ 14 08A 

„,.L* H PS.-CO*"^-™. M of i"—* « 

c,». f «t.d inc. CHO c.U. .»<> -pUfl- «».«..«»« ..I.e.** b, 
„«,.».. u.i»I «nv.«l.n.l proe.dur... 

Fusion* of th. V roglon of th. CD4 g.«.. which 1. 
ho-ologou. to th. vrUbl. roglon of immunoglobulin g.n«. (r.f 
Hoddon .c .2. 1985). to th. consent (C) r.glon of human 
immunoglobulin « «nd t2 chain, .r. con.cmct.d follow.: 

Synth.tlc DNA 1. -d. to cod. for th. C r.glon of hum« « 
ch.ln (r..ldu.. 109-214) ta... on th. ..qu.nc. publl.h.d by Korln 
« .1 Proc. N.ti. Ac.d. Scl. fi2:7025-7029. with th. .ddltlon .t 
th. 5' .nd of th. coding of th. ..qu.nc. GCCC, which .How. 

thi. fr.g-nt to b. Ug.t.d to th. fig***! .it. .t th. .nd of th. 
puctlv. V-llk. r.gion of CD4. At th. 3' .nd of th. coding r.glon 
. MiUdMl .top codon 1. .dd.d .. v.ll . ..quonc. which 
allow, thi. .nd to b. llg.t.d to AuM r.strlctlon fr.g».nts. Th. 
.ynth.tic DNA 1. «d. in 8 fr.g».nt.. 4 for ..ch .tr.nd. 70-90 
b.,.. long. Th... .r. th.n .llow.d to .«n..l .nd Ug.t.d prior to 
l.ol.tlon on • poly.crylmld. g.l (fr.gwnt 33). 



PCT/US88/03414 



-43- 



" Th. lli ^ m „ „ dl , pl.t.. »d 

pRKCD4Ck. 

A pl.snid encoding a fusion of the CD4 V-1U. domain to the 
huB *n iJ-globulin C 7 2 region is constructed in . .11 « 
H on Td is referred to s, pKXCI>4C,2. Both of these plas.lds 
r insfected into » c.Us. c.U. or other. -petent 

e .Us in order to obtain cell lines expressing variant 
molecules as described above. 



fa. HPp1 a 3 



The gDCD4T secreted by th. a.thod of Ex«ple 1 «. purified 
fro „ cell culture fluid containing either 10. FBS (fetal bovine 
L, or no added FBS . The conditioned cell culture fluid vs. 
fitt5 concentrated by ultrafiltration then purified .by 
^oafflnity chro.atogr.phy. The l»uno.ffinity colusm v., 
produced by coupling -in. .onoclon.1 antibody 5B6 (who., .pitop. 
is on th. HSV.l g> portion of the gDCD4T .ol.cul.) to glycol 
co.t.d control!.* por. glas. by th. -thod of Roy .c .1.. 1984. 
me concentrate. c.U cultur. fluid i. appU.d dlr.ctly to th. 
colus* .nd th. contaminating prot.in. .r. .-.y with neutral 

pH buffer. The cl« is then w..h.d with neutral buffer 
containing crr-.thyl^soniu. chlorid. followed by neutral buffer 
containing Tv.en 80. Th. bound gDCD4T is .lut.d fro. th. column 
with buffer at pH3 containing Tw..n 80 (0.1% w/v) and is 
neutralized 1—dl.t.ly as it is .lut.d. Th. .lut.d n.utr.lit.d 
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gDCD4T 1. th.n c.nc.ntr.c.d by ultr.f titration .nd 
di.lyr.d/dlafilt.r.d to exctung. the buffer for - physiological 
.sit aolucion containing Tw.en 80 at approximately 0.1% w/v. 

If the detergent 1. not pre.ent the gDCD4T for- aggregates 
ftS evidenced by the eblUty of cencrlfugatlon .t approximately 
10 000 Xg for 2 minute, to remove the gDCDAT fro- the .olutlon. 
incubation o£ gDCD4T at 4*C In 0.1M .odium acetate. 0.5M N.C1 and 
0 25K trl. at pH 7 together with BSA. Tw.en 80 or glycerol a. 
candidate st.blllr.rs showed that. In the ab.ence of a .tablllzer 
the gDCI*T gradually aggregated over the .pace of 12 day. to the 
point where only about 60-70% of the protein wa. .oluble. However, 
use of 0.1% w/v Tween 80 or (0.5 »g/«l BSA enaured that about 100% 
or 80%. respectively, of the gDCD&T remained soluble over this 
period. Surprisingly glycerol was ineffective as a st.bllirer and 
produced r.eult. Inferior even to the control -at 8 day. about 80% 
of the gDCD4T was aggregated when .tored in the presence of 
glycerol. 



20 



25 



30 



Pleamida were conatructed to direct the expre.alon of 
protein, containing differing length, of the amino -terminal, 
extracellular domain of CD* fuaed to the constant region of human 
immunoglobulin T l. The., pleamida are referred to a. pRKCt* 27 l. 
pRKCD4.4 7l . pRKCD4 27l , p8KCDA,2 7 l. pWCCDA l7l . and pRKCW e l 7 l- 

Plaamid pRKCD4 47l contains the portion of the CD4 gene from 
the Initiation codon to the fualon aite after the codon for aerine 
reside 366 of the mature CD4 polypeptide. Immediately followed by 
the sequence coding for the constant region of human immunoglobulin 
7 l. starting at the codon for eerlne realdue 114 of mature human 
immunoglobulin 7 1 (Kabat at al . ) . 



35 



Pla.mld pRKCD4 # 4 7 i contains the portion of the CD* gene 
from the initiation codon to the fusion site after the codon for 



WO 89/02922 



PCT/US88/03414 



-45- 



10 



15 



20 



25 



30 



ly.ln. residue 360 of the -cur. CD* polypeptide, lnn.edl.cely 
followed by the e.quence coding for che constant region of humsn 
i^oglobulln 7I. starting .c che codon for ..rln. residue 114 of 
..cure human Immunoglobulin 7I (Ksbat ec ml.). 

Flasmld P RKCD4 27 i conceln. che porclon of che CD4 gene fro. 
the Initiation codon co che fusion .1c. efcer che codon for 
glutaaln. re.ldu. 180 of che -cur. CD4 polypeptide, lnn.edi.cely 
follow.d by Che .equence coding for the consent region of human 
immunoglobulin 7I. -crclng .c che codon for .erlne re.ldue IK of 
..cure ttuun Immunoglobulin 7I (Kabae etil.). 

Pl««id pRXC04.27l oonclnn che porclon of ch. CD4 gene 
fro. che tnlcl.tlon codon co ch. fuaion .tee efcer ch. codon for 
leucine residue 177 of che macure CI* polypepcide. imm.dl.cly 
followed by the .equence coding for the conscanc region of human 
l«»unoglobulln ,1. ec.rclng ec che codon for .erlne re.ldu. 114 of 
..cure human immunoglobulin 7I <K*b.t ec «!.)• 

Piasmid pRKC04 l7l contains the portion of the CD4 gene fro* 
the initiation codon to the fusion site after the codon for 
..parclc acid r..ldue 105 of th. macure CD4 polypeptide, 
lmmedlacely follow.d by ch. ..quence coding for the constant r.gion 
of human Immunoglobulin 7I. scartlng at Ch. codon for s.rln. 
residue 114 of —cure human imunoglobulln 7I (Kabac at ml.). 

Plesmld pRKC04, l7l concalns che portion of the CD4 gene 
from the Initiation codon to the fusion site after the codon for 
laucln. residue 100 of the mature CD4 polypeptide. Immediately 
followed by th. ..quanc. coding for th. constant r.gion of human 
imunoglobulln 7I. starting st th. codon for s.rin. residue 114 of 
MCure human immunoglobulin 7I (Kab.c ec al . ) . 
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Construction of the.* plasmlds required the prior 
construction of pUsmld pRKCD4TP/ 7 l. It was constructed as 
follows: 

A cDNA clone coding for human Immunoglobulin 7 1 v.. 
obt.in.d fro. . hum.n .ple.n cDRA Ubr.ry (Clont.ch Ubor.tori... 
inc ) uaing oligonucleotide, based on the publi.h.d s.«u.nce 
(Ellison ec al.. 'Hucl. Acid. Re.." lfi>071.4079 (19821). .nd .n 
E^Rl-fiagl fr«g-nc (the fifioRI .1" w.. contributed by . linker; 
see Fig 4..b) confining pert of the v.rl.bl. end .11 of the 
constanc region -«s obtained. This fr.gment v., blunted with 
Klenov fr.g».nt. and recovered by gel el.ctrophore.l. (Fragment 
al). 

Pl.smid P RXCD4TP-klc. encoding a aubstltutlonal variant of 
soluble CW (residues 1-368) containing a ly.ine residue instead of . 
asp.ragin. at position 1 of the sscur. polypeptide, v.. constructed 
from plasold pRKCWTP by sice -directed swt.gen.sls. A synthetic 
ollgonucleotld. was m.d. .. . pri.« for . -ut.g.n..!. ration to 
obfln the d..lr.d coding ..qu.nce. This wa. .yhthe.lz.d « • 51- 
mer which confined two silent motions from the n.tur.1 ..qu.nc. 
in .edition to the sub.titution nutation. «d 21 b..e. on ..ch .id. 

of the aut«t.d codona: 

5*. CCC TTT TTT CCC CAC CAC CAC CTT CTT CCC CTC- 

ACT CCC TCC TCC CAC CAC -3* 

PlMmid pRKCD4TP w.. cransfonsed into £. coll str.in SR101 
and the cr«n.for».d colonie. pl.t.d on .mplcillin m.di. pl.tes. 
Re.lst.nt coioni.s v.r. ..l.ct.d .nd grown in the presence of 
.13K07 helper b.ct.rloph.g. to yi.ld secreted, encp.id.ted single- 
scr.nd.d templates of pRXCDATP. The slngle-str.nd.d pl..mid DNA 
was isolated .nd u..d *s the templ.te for mut.gene.is reactions 
with the synthetic oligonucleotides described above as primers. 
The muc.g.ne.l. reaction was transformed E. coll SR101 and the 
transformed culture pl.ted on .mplcillln medl. pl.t... 
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Tr.n.forments w.re .cre.n.d by colony hybridization (ref. 
CruM «ln-Hogn...) for the pr.s.nc. of th. approprlat. .equence. 
ualng the following 16 mer a. the probe. 
5'- C CAC CTT CTT CCC CTC -3' 
5 The hybridization condition, cho.en were sufficiently stringent 

that the probe only detect, the correctly fused product. Colon!., 
identified .. po.ltlv. were .elected .nd plasmid DNA was Isolated 
«* cran.for.ed Into f. coll .train SR101. The tran.fon.ed 
culture, -ere pl.t.d on a-piclUln media plat... and resistant 
10 colonle. were ..l.ct.d and grown In th. pre.enc. of .1*07 

bacteriophage. Template, were prepared a. above and .cr.ened by 
sequencing. 

Plasmld pRKCWTP-kk wa« dlge.t.d with Xb.I and cre.t.d with 
Klenov Enzyme, .nd Fragment a2. containing the linearized plasmld 
v.. recovered by gel el.ctrophore.l.. .nd llg.ted with fragment .1. • 
The Ug.tlon mixture w.. cran.fon.ed into E. coll .tr.ln 294. the 
cran.fon.ed culture pl.t.d on «piclllln media plate, and re.i.tanc 
colonl.. ..l.cfd. Pl..»ld DNA wa. prepared fro. the tran.for.ant. 
.nd checked by re.criction enely.i. for the pr...nc. of th. correct 
fragment in the correct orientation (I.e.. the immunoglobulin 
coding region in the .ame orientation a. th. CD4 coding region, and 
*t the 3' end of the CD4 coding region). This pla.mid is referred 
to as pRKCD4TP/Trl. 

Synth.tlc oligonucleotides were made as primers for 
deleclonal mutagen..!, reaction, to fua. th. appropriate coding 
•equence. of IgCl and CD4 a. de.cribed abov.. These were 
•ynthesized ss 48-mers comprising 24 nucleotides on each side of 
30 the desired fusion site (I.e.. corresponding to the COOH-t.rminal 8 

residues of the desired CD4 moiety, and the NH 2 -terminal 8 residues 
of th. da.ired Immunoglobulin mol.ty). Plasmid pRKCD4TP/7l was 
transformed into E. coll strsin SR101 and the transformed cultures 
plated on emplclllln media plates. Resistant colonies were 
35 .elected and grown In the presence of ml3K07 helper bacteriophage 
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ee yl ,U ..cr.c.d .ncp.ld.cd .in,l..cr.nd.d cpUw of 
leStfM. Th. .mgi...tr.«d.d pioid dnx v.. t.oLt.d «* u. d 

rT Ul- for «ut.g.n..L action. -1th th. ^ c 
Ugonucl.otid.. d..crlb.d .bov. prl~r. Th. 

clon. w.r. tcn.for».d E. coll O101 «- - — 

pl.t.d on -pUll*. -U Pi-.. «»<~~ ~r. 
cr..n.d by colony hybrldlz.tlon (r.f. Crun.cln.Hogn...) 
...no. of th. .pproprUt. fu.lon .It.. u.lng M-» - P« .. 

Lm 16-r. co-prl.. « b n .lth.r .Id. of tb. «.lo« .It. 

.„d tb. hybrldlctlon condition. obo..n w.r. .ufflcLotly .tr n, nt 
tb.t cb. prob.. only d.c.ct th. corr.ctly fucd product. Colonic 
ICntlfl.d .. po.itlv. v.r. ..l.ct.d .nd pl...id DHA i.ol.cd 
.no cccforcd Into E. coll .tr.ln SR101. Tb. ten. or-d 
cultur.. «r. pl.t.d on «plclllln M dU pl.t... «d r..l.cn 

, , . «-r. ..l.ct.d .nd grown In th. pr...nc. of .13K07 
colon!.* w.r. . . 

b.ccrloph.g.. T.mpl.t.. w.r. pr.p.r.d .. .bov. .nd .creed by 

g«qu«ncing. 

Th. pl..»ld- wr. tr.n.f.ct.d Into 293 c.U. u.lng .cnd.rd 
procdurc .nd ....yd for .xpr.clon .nd production c dccrlbod 
.bov. . 

amiuj StsrttiU 

pRKCD4 l7l 

pWCCD4,2 7 l 

pRKCD4 27 l 
pWCCD4,4 7 i 

pRKCD4 47l 

Plold. .1.0 ».r. coctruccd to dlr.ct th. .xpr...lon of 
felon prot.ln. confining dtff.ring l.ngth. of th. «lno.t.ruln.l. 
•xtr.c.llul.r do«.ln of CD4 fucd to th. trunc.t.d portion of th. 
cotucnt r.glon of human Imunoglobulln 7 1. coarprl.lng only th. 
hlng. r.glon .nd consent domain. CH2 .nd CH3. 
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Synthetic oligonucleotide, v.r. made as P«i~» for 
.en-si. reaction, to delete the i«unoglobulin .eouence fro. 
S.rl 4 « Cv.215 inclu.lv. (Kab.c .c ml.). Th... were .vnthe.U.d 
4S 48-mers co.pri.ing 24 nucleotide, on e.ch .id. of the de.ir.d 
fu . l0 n .it. (I.- corre.pondlng to th. COOH-cermlnel 8 « 
*. de.lr.d CO. moiety. «d th. NH 2 -t.rminal 8 re.ldue. of *. 
a..!,.* l«nuno 8 lobulln moiety). PL.-". ^4,1- «- 
pRKCD^, -.re ..p.r.t.ly tr.naformed into E. coll .train SRI 1 end 
L tran.for.ed culture pl.t.d on ampiciUln media pUu, 
R .,i,t.nt colonies were .elected .nd grown in th. pre..nce of 
.13K07 helper b.cterloph.g. to yield ..cr.ted. encp.id.ted . ngle- 
stranded templates of these ple.mids. The .ingle-. trended plasmid 
D NA vas isolaced end used as the template for mutagen..!, r.actlons 
vith the synthetic oligonucleotide, described abov. as primers. 
The muc.gen.sis reaction, ware transformed E. coli SR101 end the 
transformed culture pl.t.d on amplclllln -die pl.t... . 
Tr.nsformants were screened by colony hybridization (Grunstein- 
Hogne.s) for the presence of the appropri.te fueion site. uaing 
16mer. « probes. Th... 16-.r. compri.. 8 bu.. on .lth.r .id. of 
the fusion .ite. .nd th. hybridization condition, cho.en were 
sufficiently stringent thet the prob.. only d.t.ct th. corr.ctly 
fused product. Colonic id.ntifl.d a. positive war. s.l.ct.d and 
pUsmid DNA was i.ol.t.d and transform.d into E. coli strain SR101. 
Th. transforms culture, w.r. pl.t.d on ampicillln ».di. pl.t... 
and resistant colonies were selected .nd grown in the pr...nc. of 
.13K07 b.cterloph.ge. Template, were prepared as abov. and 
screened by sequencing. 

The plaamld derived from plasmid pRKCD4 47l is referred to 
as pRKCD4 4Fcl . that derived from plaamid pRKCD4 27l is referred to 
as pRKCD4 2Fcl end thet deriv.d from plasmid pRKCD4 l7l is referred 
to as pRXCD4j.F C i. 
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pB KCD4 2Fcl . pWCCD4 lFcl and pRKCD4 4 Fcl «e culcur.d in th. 
..me fashion .. described ebov. and CHl-del.ted CO. l»unoadhe.on. 
recovered es de.crlbed el.ewhere herein. 

Pl...id. were constructed to direct the expr.eslon of 
proteins contelnlng differing length, of the -f. 
excr.c.lluler do^ln of CI* fused to the con. tent region of human 
immunoglobulin Thee. P U«ld. are referred to e. pRKCI*^. and 



10 pRXCD4 e 4 < . 



35 



Ple»«id pRKCD4 4)t conteln. the portion of th. CD4 gene fro. 
th. Initiation codon to the fusion .ite efter th. codon for .erlne 
residue 366 of the mature CD4 polypeptide. is^dl.tely followed by 
che sequence for the consent region of human Immmoglobulln 
starting et th. codon for threonine residue 109 of th. ..cur. hu«n . 
immunoglobulin <c. (Kabat et al.) 

Plasaid pRKCD4 e4< « contains th. portion of th. CD4 gene fro. 
che initiation codon to the fusion site after th. codon for lysine 
residue 360 of th. near. CD4 polypeptide. Imedtat.ly followed by 
the .equence for th. constant r.glon of human isnwnoglobulln «. 
starting .t th. codon for thr.onln. r.sldu. 109 of the -cure h*aan 
immunoglobulin «. (Ksb.t et si.) 

The., plasalds w.r. constructed In a Banner analogous to 
ples»lds pRXCD4^i and pRKCD4. 47l described .above, with th. 
following .xc.pt Ion: 

Th. himsn Immunoglobulin « coding s.qu.nce (Fig. 5) wes 
obtained fro. a human spleen cONA library (Clont.ch Labor.torl.s . 
l„c ) using ollgonucl.otld.s be.ed on the published sequence 
(Hl.ter. P.A. et al.. Cell U 980 )> » nd * n ^'i^ 1 

fragnent containing part of the v.rlable region and th. entire 
constant r.glon ws. obtained (see Fig. 5). This fr.g».nt was 
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blunted vlth Kl.nov fragment end the four dNTPs. Thl. £r.p.« v.. 

u..d Instead of fragment al. end v.. used to construct pls.-ld 
pRKCD4TP/h* • 

FiUTTfMT 1 "" 1H ™° Cfllla 

PU „ids «.r. or .re constructed to direct the expression 

of the immunoadh..ons described above In CHO cells. These ere 

referred to ee pSVeCD4 47l SVDHFR . pSVCD4 27l SVDHFR . 

P SVeCD4 l7l SVDHFR. pSV.CD4.4 7 lSVDHFR . pSV.CD4. 27l SVDHFR, 

pS VeCD4 el7l SVDHFR. pSV.CD4 4Fcl SVDHFR. pSVeCD4 2Fcl SVDHFR. 

P SVeCD4 1Fc iSVDHFR. pSVeCD4 4(C SVDHFR end pSVeCD4 2<t SVDHFR. 

Fragaent 31 vas prepared as described above. Fragment 32a 
w., prepared by digesting plesmld pE348HBV . E400 D22 vlth figaHL 
blunting vich Kl.nov fragaent and the four dNTPs. then digesting 
with fia»I * nd i»ol« cln e the Ur « e fr *S Benc containing the balance . 
of the lactamase gene and the SV40 early promoter and the DHFR 
gene. Plasmlds pRKCD4 47l . pRKCD4 27l . pRKCD4 l7l> pRKCD4 e47l . 
pRKCD4.2 7 l. pRKCD4 el7l . P RKCD4 4Fcl . pRKCD4 2Fcl . pRKCD4 1Fcl , 
pRKCD4 4)l and pRKCD4 2<c vere separately digested vlth Bindlll. 
blunted vlth Klenov fragment and the four dHTPs. then digested vlth 
£CftRl and the fragments encoding the CD4-Ig fusion protein vere 
Isolated. The resulting DHA fragments vere llgated together vlth 
fragments 31 and 32a and transformed Into E. coll strain 294. 
Colonies vere selected and checked for the presence of the correct 
plasmld as above, then transfecced Into CHO calls and amplified by 
methotrexate selection using conventional procedurea. 



Example 5 

30 r»m.r. Pur j fir.Mon and formulation ftf CD4 variants 

Plasmlds encoding soluble CD4 adhesons such as CD4T, CD4TP. 
or soluble CD4 Immunoedhesons vere calcium phosphate trsnsfected 
Into CH0-DP7 (a prolnsulln- transformed eutocrlne host cell derived 
35 from CHO; U.S. S.N. 97.472) and the tranaformants grovn In selective 
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„ n i HAM F12/DMEM CHT* confining 1 - 10% dl.filt.red or 

2 ,3S huen ..bryonic Vcldn.y c.U.. The cren-fon-n s w.r. 
Rifled by .ethocr.x.ce ..lection in the s-e .edlu. but 
It ling 500 n. .echocrex.ce. A subclone c.p.ble of secreting 
ZTZ* 500 0. v. selected. C^co 500 b Is cultured in . 
,^/HAM ri2 .ediu. *c ebouc 37'C until «*TP .ecumul.C.. n *. 
culcure. afcer which che .edlu. is ..p.r.ted fro. che cells end 
insoluble asccer by centrifuging. 

Culcure fluid fro. CD4TP cr.nsfor.sncs w.. concencr.c.d «d 
di.fllt.r.d co lower che ionic scr.ngch. The conc.ncr.c. w.s 
passed through . Urge volu.e of Q-Seph.ros. .nion exch^ge resin 
previously equllibr.ced wich 25 .* H.C1. pH 8.5) in order co 
, .Lorb concinucs fro. che culcure fluid. The isoelectric point 

of C04TP is .bouc 9.5. chus eking ic possible co dlscri.in.ee . 
between crunc.ced fonns of CD* end .osc concir-nc. by .It.rx-t. 
.osorpclon. r.speccivly. on . c.clon exch.nge resin euch .. 
c.rboxy..thyl or sulfonyl S.ph.ro.e. .nd .n .nion .xch«g. r..ln 
0 such .« qu.cern.ry -oniu. S.ph.ro.e. In .ddicion. .inc. highly 

electropositive do«.ins .r. present in the extr.c.llul.r ..g-.nt of 
CD4 .ny CD4.cont.lnlng v.ri.nt is purified in the sue f^hion .. 
CD4TP The unedsorbed culture fluid fro. the .nion .xchuge r.sin 
step w.s Chen p.ssed through . c.tion exch«»ge r.sin (previously 
, 5 equilibrated with 25 .M N.C1 .t pH 8.5) whereby CD4TP w.s .d.orb.d 

to che resin. The CD4TP w.s .luted with . N.C1 gr.dl.nt .t pH 8.5. 
chis CD4 v.ri.nt eluting .t .bout 0.2 M N.C1. A»oniu. sulf.t. w« 
added to the elu.t. to . concentr.tlon of 1.7M .nd the solution 
p.s.ed through . column of hydrophobic inter.ctlon chro«.togr.phy 
30 r.sin (phenyl or butyl Sephsrose) . The CD4TP w.s elut.d fro. the 

hydrophobic int.r.ction colusm with . gr.di.nt of «»oniu» sulf.t.. 
Che CD4TP eergins .t .bout 0.7M «»oniu. sulf.te. The .lu.te v.s 
conc.ncr.ted .nd buffer exch.nged on . C25 column using pho.ph.te 
buffered s.l in. confining .02 % (w/v) Twe.n 20 or Tw.en 80. The 
35 CDATP v.. soluble .nd sc.ble in this solution, which w.s sterile 
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glycol . 

It is also p...lbl. to ..ploy l«muno.fflnicy purification 
of soluble CD4 wherein the CD* Is adsorbed onco an i-obilLed 
antibody against CD.. This ..thod suffer, fro. the disadvantage 
« el-ion of the soluble CD4 under acidic condition, l.ed. to 
protein aggregation that is only thoroughly a»lior.t.d at 
relatively higher levels of surfactant. The foregoing procedure 
pennies the use of much lower quantities of surfactant, about fro. 
0.01 to 0.10 * (w/v) surfactant. 

The procedure followed for the purification of CD4 fusion, 
with immunoglobulin heavy chain was to concentrate recombinant . 
supernatant, by ultrafiltration and thereafter adsorb the fuaion 
onto resin-lsnsobilized Staphylococcal protein A. The fuaion was 
.luted with 0.1* citrate buffer pH 3 with no salt or detergent. 
This prepsr.tion is buffered into Trls buffer at pH 7.5. The 
t^unoglobulln fusions with CD4 Vl-Vft optionally are further 
purified by the procedure described above for unfus.d CD4 variants. 
CD4 isBsunoglobulin fusions with CD* V1-V2 also »y be purified by 
the „rocedure above, except that it is not expected that the 
isoelectric point of this clas. of .olecules will be as alkaline as 
that of species containing all four V regions of CD*. 

EMBklfi I 

The characteristic, of .ever.l adhe.on variants were 
deter»in.d. As shown in table * the lanmmoadheaons CD* U7 i and 
CD4 27l show isrproved pla— half -life In rabbits, coupled with 
high-affinity gpl20 binding and an affinity for Fc 7 receptor 
(deter»lned with U937 cells) that is co.parable to that of bulk 
hvosan IgCl. 
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gp!20 KD (nM) # 



Tabl* 4 



Plata* HAlf-Ufo** 

Tn BnMrln fHrm 



CD4T 5 
CD4^ 7 i 

huoin IgCl 



2.3 ± 0.4 
1.2 ± 0.1 

1.4 ± 0.1 



ND 



Not detected 

2.83 ± 0.25 
3.01 t 0.68 
3.52 ± 0.5 



0.25 
6.4 
40.6 

21 deye* 



* deteralmd In huami 

* KD vu determined by the .ethod of Ander.on .c .1., 
Immunol.- 12*: 2735-2741 (1980). 

* trained by the method of S.ith at 1.. "Science* 2^1704.07 

(1987). 
§ residue* 1-368 only 

presence of the adheson varlent. 
** Not done. 



WOW/02W2 



PCT/US88/03414 



-55- 



10 



15 



CUi»»: 

1. 



Nucl.ic acid •needing « «ino acid .equance variant of an 
adhaaon. 

The nucleic "id of eUU 1 -herein the edhe.on U . CD. 
polypeptide . 

The nucleic ecid of eld. 2 wherein the verienc is . CD* 
polypeptide in which nucleic ecid encoding the cre~-e.br.ne 
aoaeln hes been modified whereby the CD* polypeptide encoded 
thereby confine en inectlv.ted crensae-brane do-in. 

The nucleic ecid of clai- 3 wherein the ermnnbtn. do»eln 
hes been Inectlv.ted by it. deletion or by eub.tltuting for 
the cr.nsaeabren. doaein « «ino ecid eequence h.ving . 
Bubsc.nti.lly hydrophllic hydrop.chy profile. 

The nucleic ecid of cl.la 2 wherein che verienc cos.prl.es . 
fusion of (.) . polypeptide different fro- che CD* end (b) . 
20 CD* polypeptide. 

6. The nucleic ecid of claim 5 wherein the polypepcide different 
froa the CD* bears e non-CD4 innsune epitope. 

25 7 The nucleic ecid of clei- 6 wherein the polypeptide different 

fro- CD* is fused to the a»ino or c.rboxyl t.r-inus of -.cure 
CD* .nd che crensmembren. doaain of CD* h«. been lnecclv.ced. 

8. The nucleic ecid of clei- 5 wherein Che diff.r.nc polypepcide 
30 co-prises . .lgnal sequence. 

9. The nucleic ecid of clei- 5 wherein che differenc polypepcide 
conceins ebout froa 5 to 1000 residues. 
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10 Th. nucl.ic acid of claim 9 wh.r.ln th. dlff.r.nt polypeptide 
1, cepabl. of .Ueltlng * humorel lmmun. r.spon*. In an 
animal. 

U . The nucleic ecld of eUK 10 wherein the dlff.r.nt polypeptide 
1, t viral polypeptld. or en all.rg.n. 

12 Th. nucleic ecld of del- 5 wherein th. different polypeptld. 
U . huwn plasma protein having e plasm, half life greater 
then from which th. transmembrane domain he. been deleted. 

13 The nucl«5c ecld of clef 12 wherein the variant 1. * fualon 
of . polypeptide comprising at least on. V-illce domain of CD4 
fus.d vith a polypeptide comprising an immunoglobulin constant 
domain. 

U. The nucleic ecld of claim 1 wher.ln th. adh.son is CD4. CDS or 
th. high affinity IgE r.e.ptor. 

15. Th. nucl.ic acid of claim 2 wherein the variant consists 
essentially of the V 1 through V 6 or V x through V 2 regions of 
che CD4 antigen. 

16. The nucleic acid of claim 2 which consists essentially of the 
CD* tns.rt of pCDAAHla. 

17. Th. nucl.ic acid of claim 12 wh.reln the different polypeptide 
is albumin, spo lipoprotein or transferrin. 

16. Th. nucl.ic .eld of claim 8 vh.r.in th. signal s.qu.nce Is a 
bact.rlal signal e.qu.nc. 

19. Th. nucl.ic acid of claim 15 wherein the vsrlant consists 
•ss.ntlally of CDA residua. 1-368. 
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20 . Th. nucl.lc uld of claim 15 wh.r.ln th. variant eonal.t. 
•s.entl.lly of CD4 re.ldue. 1-180. 

21 Th. nucleic .eld of claim 13 wh.r.ln th. im^noglobulln 
constant domain 1. th. constant do«in of an XgB h.avy chain. 

22 . The nucl.lc .eld of el.l* 5 wh.r.ln th. dlff.r.nt polyp.ptlde 
is a cytotoxic polypeptide. 

23. Th. nucl.lc .dd of claim 5 vh.r.ln th. cytotoxic polypeptide 
Is the diptherle toxin A. 

24 A composition comprl.lng an .dh..on amino .cid a.qu.nce 
variant which is incapable of cell membrane anchorage. 

25. The composition of claim 24 wherein the adhe.on variant- 
comprises a CD& amino acid sequence capable of binding gpl20. 

26 The composition of claim 25 further comprising an agent for 
inhibiting the aggregation of the variant a.l.cfd fro. th. 
group of a pr.d.t.rmln.d prot.in and a .urf.ctant. 

27. The composition of claim 26 wherein the agent is a 
surfactant. 

28. The composition of claim 27 wher.ln th. surfactant is Tv..n 80 
or Tw.cn 20. 

29. Th. composition of claim 25 wh.r.ln th. CD* transmembrane 
domain ha. b..n d.l.t.d or haa b..n substituted for by an 
amino acid ..qu.nc« having a substantially hydrophlllc 
hydropathy profile . 

30. The composition of claim 29 which 1. sterile and which further 
comprises a physiologically acceptable carrier. 




yi fh. ^mwiom off cl«ia 23 



32. Iho m «t cIm&m 32 



1C 



3A. Uae coopoolcioB of claim 33 

15 

35. Tte i rrf — — off data 33 



34. & Minnlrlrr of eloi- 31 rihoralii tW tte TCloor 1* 1* 
20 fon of * 



37. Tbe pdoyoolctoo of drnSm 34 

a fasloa tf i« V-liko dooada to 



25 ^ vsrj^c t, 

of 



Ce) «fiL--««. «C|.-%£«. 'lft- * C B" •* -nfit-^ftrf: 

(d) acl-aCo-I**. *C(.-ac«. *Cs. VCb. ^iCl-oCb. or ^lCl-I**]: 
(•) ACL-«A<«-I*%. ACl-A««. oCt-Vfl. Vj.Cj.-ACb. or ^-^3: 
(f) Vj.-oCb-I-Cb. •Cj. -Ca. oCj.-Vc. Vj.Cj.-4Ch, or 



35 (*) IA-T3.-JV 1 Cj,-%C B 32 
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wherein A li i CD4 pol W tld« containing a CD4 variable 
region-like domain; V L , V H . C L and C H repreeent light or heavy 
chain variable or constant domains of an immunoglobulin; n It 
an integer; and Y designates the residue of 4 covalent cross- 
5 llnklnf agent. 

39. Tht composition of clala 38 wherein th. V L and V H domains ara 
capabla of binding a predetermined antlgan. 

10 40. Tha composition of clala 31 wherein the Immunoglobulin 
■equence li obtained from IgCl, IgG2. IgC3, IgC4, IgA. IgS. 
IgD or IgK. 



13 



20 



30 



41. The composition of clala 25 wherein the variant comprises a 
polypeptide different froa CD4 which la nonlamunogenlc In 
huaans . 



42. 



The composition of claim 41 wherein the variant comprises a 
polypeptide which Is Immunogenic In humane. 



43. The composition of clala 41 wherein the variant comprlaea a 
polypeptide having a human piaama half life which is greater 
than about 20 hours. • • 

23* 44. The composition of claim 41 wherein the variant comprlaea a 
human transferrin, apoilpoproteln or albumin polypeptide. 

45. The composition of claim 23 wherein the variant comprises a 
cytotoxic polypeptide. 



46. The composition of claim 45 wherein the cytotoxic polypeptide 
Is rlcln A chain or dlptherla toxin A,. 



35 



47. 



A polypeptide comprising a CD4 aalno acid aequence capable of 
binding gp!20 which is cross-linked to (e) polypeptide having 
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* plim half life of greater then ebout 20 hour, or (b) « 
cytotoxic polypeptide. 

48. The polypeptide of eUii *7 wherein the polypeptide of (a) i« 
5 transferrin, en apolipoprotein or albumin. 

49. The polypeptide of claim 47 wherein the cytotoxic polypeptide 
Is cros»- linked to the CD4 variable -like domain by a 
bifunctional crosi- linking agent. 
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15 



30 



50. A method for preparing an adheeon variant comprising 

transfecting a host cell with the nucleic acid of claim 1. 

51. A method for preparing an adheson variant comprising 
recovering the variant from the culture of a host cell 
transf acted with the nucleic ecid of claim 1. 



52. The method of claim 51 wherein the adheson is CD4 and the 
variant ia recovered from the culture medium of the host cell 

20 or from the cell itself. 

53. The method of claim 52 wherein the variant is recovered by 
adsorption onto a cation exchange resin. 

25 54. The method of claim 53 wherein the variant is recovered by 

adsorption of contaminants onto an anion exchange resin. 

55. The method of claim 52 wherein the variant lacks a functional 
transmembrane domain. 



56. The method of claim 52 wherein wherein a salt is added to the 
culture medium to occupy charged domains of the variant, the 
resulting solution is contacted with a hydrophobic affinity 
chromatography reiin to adsorb the variant, and the variant 
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.luted fro* th. r..ln by vaahing th. r..in with . declining 
gradient of eelt. 

Th. ..chod of cUl- 52 wb.r.in th. variant 1. r.cov.r.d by 

lamunoafflnicy chromatography. 

Th. -chod of eliU 57 wh.r.ln th. i-unoaffinlty 
chrom.togr.phy 1. dlr.ct.d ag.inat . polyp.ptid. diff.r.nt 
from CD4 which is fu«.d to CD4. 

A mathod for th. tr.atmant of an HIV inf.ction co-prl.ing 
.dalni.t.ring to . p.tl.nt inf.ct.d with HIV . th.r.p.«tlc.lly 
effective do., of .n amino .cid ..qu.nc. variant of CD4. 

A repllc.ble vector compri.ing th. nucl.ic .cid of claim 1. 
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